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1. INTRODUCTION 


Semiconductor devices play a leading role in the 
explosive progress of semiconductor technology. 
They use some of the most advanced design and 
manufacturing technology developed to date. 
With greater integration, diversity and reliability, 
their applications have expanded enormously. 
Their use in large scale computers, control 
equipment, calculators, electronic games and in 
many other fields has increased at a fast rate. 

A failure in electronic banking or telephone 
switching equipment, for example, could have far 
reaching effects and can cause incalculable 
losses. So, the demand, for stable high quality 
memory devices is strong. 

We, at Oki are fully aware of this demand. So we 
have adopted a comprehensive quality assur- 
ance system based on the concept of consisten- 
cy in development, manufacturing and sales. 
With the increasing demand for improvement in 
function, capability and reliability, we will expand 
our efforts in the future. Our quality assurance 
system and the underlying concepts are outlined 
briefy below. 


2. QUALITY ASSURANCE SYSTEM 
AND UNDERLYING CONCEPTS 


The quality assurance system employed by Oki can 
be divided into four major stages: device planning, 
developmental prototype, production prototype, and 
mass production. This system is outlined in the fol- 
lowing block diagram (Fig. 1). 

1) Device planning stage 

To manufacture devices that meet market demands 


and satisfy customer needs, we carefully consider . 


functional and failure rate requirements, utilization 
form, environment and other conditions. Once we 
determine the proper type, material and structure, 
we check the design and manufacturing techniques, 
and the line processing capacity: Then we prepare 
the development planning and time schedule. 


2) Developmental prototype stage 

We determine circuits, pattern design, process 

settings, assembly techniques and structural re- 

quirements during this stage. At the same time, 
we Carry out actual prototype reliability testing. 

Since device quality is largely determined during 

the designing stage, Oki pays careful attention 

to quality confirmation during this stage. 

This is how we do it: 

(1) After completion of circuit design (or pattern 
design), personnel from the design, process 
technology, production technology, installa- 

_ tion technology and reliability departments 
get together for a thorough review to ensure 


design quality and to anticipate problems 
that may occur during mass production. 
Past experience and know-how guide these 
discussions. 

(2) Since many semiconductor memories in- 
volve new concepts and employ high level 
manufacturing technology, the TEG evalua- 
tion test is often used during this stage. 
Note: TEG (Test Element Group) refers to 

the device group designed for stabili- 
ty evaluation of MOS transistors, 
diodes, resistors, capacitors and 
other circuit Component element 
used in LSI memories. 

(3) Prototypes are subjected to repeated relia- 
bility and other special! evaluation tests. In 
addition, the stability and capacity of the 
manufacturing process are checked. 


3) Production prototype stage 

During this stage, various tests check the relia- 
bility and other special features of the production 
prototype at the mass production factory level. 
After confirming the quality of a device, we pre- 
pare the various standards required for mass 
production, and then start production. Although 
reliability and other special tests performed on 
the production prototype are much the same as 
those performed on the developmental prototype, 
the personnel, facilities and production site 
differ for the two prototypes, necessitating 
repeated confirmation tests. 


4) Mass production 

During the mass production stage, careful 
management of purchased materials, parts and 
facilities used during the manufacturing process, 
measuring equipment, manufacturing conditions 
and environment is necessary to ensure device 
quality first stipulated during the designing 
stages. The manufacturing process (including in- 
spection of the completed device) is followed by 
a lot guarantee inspection to check that the 
specified quality is maintained under conditions 
identical to those under which a customer would 
actually use the device. This lot guarantee in- 


spection is performed in three different forms as 


shown below. — 


(1) Group A tests: appearance, labels, dimen- 
sions and electrical charac- 
teristics inspection 

(2) Group Btests: check of durability under 
thermal and mechanical envi- 
ronmental stresses, and 
operating life characteristics 

(3) Group C tests: performed periodically to 
check operational life, etc., 
on a long term basis. 

Note: Like the reliability tests, the group B tests 

conform to the following standards. 
MIL-STD-883B, JIS C 7022, EIAJ-IC-121 
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ss cd @ Electrical Test 
nd sorting @ Regular Check of Measuring 


Equipment 


@ Group A Test 
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Figure 2 Manufacturing Process 


Devices which pass these lot guarantee inspec- 
tions are stored in a warehouse awaiting ship- 
ment to customers. Standards are also set up for 
handling, storage and transportation during this 
period, thereby ensuring quality prior to delivery. 
Figure 2 shows the manufacturing flow of the 
completed device. 
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5) At Oki, all devices are subjected to thorough 
quality checks. If, by chance, a failure does 
occur after delivery to the customer, defective 
devices are processed and the problem rectified 
immediately to minimize the inconvenience to 
the customer in accordance with the following 
flowchart. 


Request for 
technical 
improvement 
Engineering 
Department 
Report on 
results of 
investigation 
& improvement 


Assurance 
Department. 


Request for 
improvement 
Technical 
direction 


technical 


Report on 
results of 
investigation 

& improvement 


Manufacturing 
Department 


Request for 
manufacturing 
improvement 


Figure 3. Failure report process 
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3. EXAMPLE OF RELIABILITY TEST 
RESULTS 


We have outlined the quality assurance 
system and the underlying concepts employed 
by Oki. Now, we will give a few examples of the 
reliability tests performed during the develop- 
mental and production prototype stages. All relia- 

. bility tests performed by Oki conform to the fol- 
lowing standards.. 


~ MIL-STD-883B, JIS C 7022, EIAJ-IC-121 


Since these reliability tests must determine per- 
formance under actual working conditions in a 
short period of time, they are performed under 
severe test conditions. For example, the 125°C 
high temperature continuous operation test per- 
formed for 1000 hours is equivalent to testing 
device life from 2 to 300 years of use at Ta = 
— 40°C. 

By repeating these accelerated reliability tests, 
device quality is checked and defects analyzed. 
The resulting information is extremely useful in 
improving the manufacturing processes. Some 
of the more common defects in LS! elements and 
their analysis are described on next page. 
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MICROPROCESSOR LIFE TEST RESULTS 


MSMB0C85A-2RS | MSMBIC5SRS | MSM82C59A-2RS_ | 
8 BIT 2048 BIT CMOS | PROGRAMMABLE | Referred 
MICROPROCESSOR | STATIC RAM WITH | INTERRUPT _| standard 
VO PORTS & TIMER| CONTROLLER 


Test 
item condition 


Operating Ta= 125°C 
life test Vec = 6V 


Temperature Ta=85°C 2000 

humidity test RH = 85% (H) 
Vcc = 6V 

Temperature 100 | 500 

cycling test : (cy) 

(5 min) 


Pressure Ta=121°C 
cooker test RH = 100% 

















| Part name MSM80C86/88JNS MSM80C85/88AJS 
16 BIT 16 BIT 
MICROPROCESSOR | MICROPROCESSOR | standard 
(DYNAMIC VERSION)! (STATIC VERSION) 
Test Test Failures|Sample} Test |Failures 
item condition 


Operating Ta= 125°C ¥ 
Temperature Ta=85°C ~ 100 | 2000 
humidity test RH = 85% (H) 

Vcc =6V 


























cycling test | (30 min) t (30 min). 
ae 


(5 min) 







life test Vcc = 6V 
100 500 
(cy) 
Pressure Ta=121°C 200 
cooker test RH = 100% (H) 
. 2 atm 
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MICROPROCESSOR ENVIRONMENTAL TEST RESULTS © 


MSMB80C86A-2RS | MSMB1C55RS ~~ 


: picaacar erecta its - 
Test one 
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OO 260°C 
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100°C#0°C 
(Smin) (5min) 
10 cycles 







Thermal 
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500g 10SEC. MIL- 
aha ae STD883C 
250g 90° BEND METHOD 







3 TIMES 





2004 
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STD883C 
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2003 












Referred 
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Test Sample {| Failures | Sample | Failures 
condition size (pcs) | size (pcs) 
Bake | 
(125°C, 6 hrs) 


Vapor Phase Reflow 
(215+ 2°C,90 + 10, —Osec) 
2 times 









PRE-Bake 







Soldering 
Heat Test 















-—58°C@RTH150°C | 
(80min) (5min) (30min) 
20 cycles 













Temperature 
Cycling Test 


STD-883C 
METHOD 


Thermal Environmental Test 


























eee 100°C=20°C | 
eine (5min) (5min) STD-883C 
ces 10 cycles METHOD 













‘Bake (125°C, 24hrs) 
immerse into Flux 


immerse into Solder 
(215+2°C 10+ 1sec)] , 


Solderability 





Other Test 


i 
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4. SEMICONDUCTOR MEMORY 
FAILURES 


The life-span characteristics of semiconductor 
elements in general (not only semiconductor IC 
devices) is described by the curve shown in the 
diagram below. Although semiconductor 
memory failures are similar to those of ordinary 
integrated circuits, the degree of integration 
(miniaturization), manufacturing complexity and 
other circuit element factors influence their inci- 
dence. 


Semiconductor Element Failure Rate Curve 


Initial SHIPPING 
failure 


Wear-out 
failure 


Random 
failure 


Failure Rate — 


General 
electronic 
devices 


; — Time 
Semiconductor 
elements 


—— ee 
Debugging by burn-in 
screening 





1) Surge Destruction 
This is destruction of the input/output stage cir- 


cuits by external surge currents or static elec- 


tricity. The accompanying photograph shows a 
point of contact between aluminum and poly- 
silicon that has been dissolved by a surge cur- 
rent. A hole has formed in the substrate silicon, 
leading to a short circuit. This kind of failure is 
traceable in about 30% of defective devices re- 
turned to the manufacturer. Despite miniaturiza- 
tion of semiconductor memory component ele- 
ments (which means the elements themselves 
are less resistant), these failures usually occur 
during assembly and other handling operations. 

At Oki, all devices are subjected to static elec- 
tricity intensity tests (under simulated operation- 
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al conditions) in the development stage to 
reduce this type of failure. In addition to checking 
endurance against surge currents, special pro- 
tective circuits are incorporated in the input and 
output sections. | 


Input section 


UML 


Aluminum f 
wire 


7 


. Poly Si 
Destruction 
position 





2) Oxide Film Insulation Destruction (Pin Holes) 

Unlike surge destruction, this kind of failure 
is caused by manufacturing defects. Local wea- 
kened sections are ruptured when subjected to 
external electrical stress. Although this problem 
is accentuated by the miniaturization of circuit 
elements, it can be resolved by maintaining an 
ultra-clean manufacturing environment and 
through 100% burn-in screening. 


3) Surface Deterioration due to lonic Impurities 
Under some temperature and electric field condi- 
tions, charged ionic impurities moving within the 
oxide film previously resulted in occasional dete- 
rioration of silicon surfaces. This problem has 
been eliminated by new surface stabilization 
techniques. 


4) Photolithographic Defects 

Integrated circuits are formed by repeated pho- 
tographic etching processes. Dust and 
scratches on the mask (which corresponds to a 
photographic negative) can cause catastrophic 
defects. At present, component elements have 
been reduced in size to the order of 10 cm 
through miniaturization. However, the size of 
dust and scratches stays the same. At OKi, a 
high degree of automation, minimizing human in- 
tervention in the process, and unparalleled 
cleanliness, solves this problem. 





Example of surge destruction 


Photolithographic Defect 
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5) Aluminum Corrosion | 
Aluminum corrosion is due to electrolytic reac- 
‘tions caused by the presence of water and 
minute impurities. When aluminum dissolves, 
lines break. This problem is unique to the plastic 
capsules now used widely to reduce costs. Oki 
has carefully studied the possible cause and 
effect relationship between structure and manu- 
facturing conditions on the one hand, and the 
generation of aluminum corrosion on the other. 
Refinements incorporated in Oki LSIs permit su- 
perior endurance to even the most severe high 
humidity conditions. 


6) Alpha-Particle Soft Failure 

This problem occurs when devices are highly 
miniaturized, such as in 1 megabit RAMs. The in- 
version of memory cell data by alpha-particle 
generated by radio-active elements like uranium 
and thorium (present in minute quantities, mea- 
sured in ppb) in the ceramic package material 
causes defects. Since failure is only temporary 
and normal operation restored quickly, this is 


referred to as a “soft” failure. At Oki we have - 
eliminated the problem by coating the chip sur- © 


face of 1 megabit RAMs with a resin which effec- 
tively screens out these alpha-particles. 


Package ceramic 
* cover 


muses, silicon oxide 


Cent ee! 
© ase cere ee ae Et . 
eee “film 


Substrate silicon 


ni a-particle 
lonization along 


the a-particle path 
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7) Degradation in Performance Characteristics 
Due to Hot Electrons 
With increased ‘miniaturization of circuit ele- 
ments, internal electric field strength in the chan- 
nels increases since the applied voltage remains 
the same at 5V. As a result, electrons flowing in 
the channels, as shown in the accompanying dia- 
gram, tend to enter into the oxide film near the 
drain, leading to degradation of performance. Al- . 
though previous low-temperature operation tests 
have indicated an increase of this failure, we 


_ have confirmed by our low-temperature acceler- 


ation tests, including checks on test element 
groups, that no such problem exists in Oki LSIs. 


Drain 
+VpD 

+VG | 4 

| 

Gate y 


Source Hot electrons 


+VG 


Gate 


+Vp 


Source Silicon oxide 6 9 Drain 


iy a7 | Lae ri Y 
MMM ered) 


Substrate silicon 





Characteristic deterioration caused 
by hot electrons 


. With further progress in the miniaturization of cir-. 


cuit components, failures related to pin hole 
oxide film destruction and photolithography have 


increased. To eliminate these defects during 
' manufacturing, Oki has been continually improv- 


ing its production processes based on reliability 
tests and information gained from the field. And 
we subject all devices to high-temperature burn- 
in screening for 48 to 96 hours to ensure even 
greater reliability. . 


DATA SHEETS 














CPUs 





OKI semiconductor 
MSM80C85A RS/GS/JS 


8-BIT CMOS MICROPROCESSOR 





GENERAL DESCRIPTION 


The MSM8OC85A is a complete 8-bit parallel central processor implemented in silicon gate C-MOS technology. 
It.is designed with the same processing speed and lower power consumption compared with MSM8085A, thereby 


offering a high level of system integration. 


The MSM80C85A uses a multiplexed address/data bus. The address is split between the 8-bit address bus and 
the 8-bit data bus. The on-chip address latches of MSM81C55/MSM83C55 memory products allow a direct interface 


with the MSM80C85A. 


FEATURES 


@ Low Power Dissipation: 50 mW Typ 

@ Single +4 to +6 V Power Supply 

© ~40 to +85°C, Operating Temperature 

@ 1.3 Instruction Cycle 

@ On-Chip Clock Generator (with External Crystal) 

@ On-Chip System Controller; Advanced Cycle Status 
Information Available for Large System Control 

-e TTL Compatible 


FUNCTIONAL BLOCK DIAGRAM 


INTA RST6.5 


e Four Vectored Interrupt Inputs (One is non-maskable) 
Plus the 8080A-compatible interrupt. 

@ Serial In/Serial Out Port 

e Decimal, Binary and Double Precision Arithmetic 

e@ Addressing Capability to 64K Bytes of Memory 

e@ 40-pin Plastic DIP (MSM80C85ARS) 

e 44-pin Plastic Flat Package (MSM80C85AGS) 

© 44-pin PLCC Package (MSM80C85AJS) 





INTR @ RST5.5 } RST7.5 


INTERRUPT CONTROL OMaHOL 


8-BIT INTERNAL f 
DATA BUS 


INSTRUCTION 
REGISTER (8) 


FLAG (5) 
FLIP FLOPS 


ARITHMETIC 
LOGIC 
UNIT 
(ALU) (8) 


Power = +5V 
Supply | -~ GND 


a TIMING AND CONTROL 
GEN = CONTROL =STATUS DMA 


RD WR ALE So S; |O/M | HLDA 








—"“ 
RESET | | 
A 


, UT 
READY HOLD RESET IN 


INSTRUCTION B REG (8) C REG (8) 
DECODER 
NOD D REG (8) 


ENCODING REGISTER 


L REG (8) 
STACK POINTER (16) 


PROGRAM COUNTER (16) 


INCREMENTE R/ 
DECREMENTER 
ADDRESS LATCH (16) 


ADDRESS DATA/ADDRESS 
BUFFER (8) BUFFER (8) 


Ais—Ag AD7—ADo 
ADDRESS BUS ADDRESS/DATA BUS 
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PIN CONFIGURATION 











40} Vcc 
MSM80C85ARS (Top View) HOLD 
40 Lead Plastic DIP HLDA 
CLK (OUT) 
RESET IN 
READY 
10/M 
S: 
RD 
WR 
ALE 
So 
Ais 
Aus 
Ais 
Ai2 
b - Aun 
C 2 < Ato 
09% go a4auee - 
Hannaxax X>2Errolx 
44 43 42 41 40 39 38 37 36 3534 
TRAP C——— 1 33,-=—— READY MSMB80C85AGS (Top View) 
RST7.5C—] 2 OC 32 10/M 44 Lead Plastic Flat Package 
RST6.5 Cj 3 31S, 
RST5.5 Co 4 30> RD 
INTRO—J 5 29 [= WR 
INTA 6 28 -——J ALE 
AD, 7 27 ES, 
AD; J 8 26 FI A; 
AD, c—J 9 25 Co Ans 
AD; = 10 24 Bo A, 
N.c CT 11 23 Fo An 
1213 141° 161718 19 20 21 22 
SSGSPSLLZ7ZY 
qtqdqddtos 2 rs b = 
9 a < OF 
nnex x 2> rt tole 
6543 2 1 41 4 
TRAPE O READY 
MSMB0CB5AJS (Top View) ene ee 
op View 
44 Plastic Leaded Chip Carrier Abad a 
| RST5.5Q] 10 RD 
. INTRQ11 IWR 
N.C. 340)N.C 
INTAG 13 : 33 ALE 
ADO 14 32 SO 
AD19 15 31 9} A15 
AD2 , A114 
AD3 17 29 9) A13 
st ow OoOnoQngwnendaceun 
22225 %* zee 
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MSM80C85A FUNCTIONAL PIN DEFINITION 


The following describes the function of each pin: 


Ag—Ais Address Bus: The most significant 8-bits of the memory address or the 8-bits of the !/O 
(Output, 3-state) address, 3-stated during Hold and Halt modes and during RESET. 
ADo—AD7 
(Input/Output) 
3-state 


ALE 
(Output) 


















Multiplexed Address/Data Bus: Lower 8-bits of the memory address (or !/O address) 
appear on the bus during the first clock cycle (T state) of a machine cycle. It then 
becomes the data bus during the second and third clock cycles. 










Address Latch Enable: It occurs during the first clock state of a machine cycle and enables 
the address to get latched into the on-chip latch of peripherals. The falling edge of ALE 

is set to guarantee setup and hold times for the address information. The falling edge 

of ALE can also be used to strobe the status information. ALE is never 3-stated. 















Machine cycle status: . = 
10/M Sq So States 1O/M Sq So States 

QO 1 Memory write 1 Interrupt Acknowledge 
1 0 Memory read Halt - = 3-state 
0 1 1/Owrite Hold (high impedance) 
1 0 I/Oread Reset x = unspecified 
1 1  Opcode fetch 
S, can be used as an advanced R/W status. 10/M, Sg and S; become valid at the beginning 
of a machine cycle and remain stable throughout the cycle. The falling edge of ALE may 
be used to latch the state of these lines. 


So, $1,10/M 
(Output) 






o--00 
x xo- 
x xoOom 






















READ control: A low level on RDindicates the selected memory or !/O device is to be 
read and that the Data Bus is available for the data transfer, 3-stated during Hold and Halt 
modes and during RESET. 


WRITE control: A low level on WR indicates the data on the Data Bus is to be written 
into the selected memory or !/O location. Data is set up at the trailing edge of WR, 
3-stated during Hold and Halt modes and during RESET. 


If READY is high during a read or write cycle, it indicates that the memory or peripheral 
is ready to send or receive data. If READY is low, the cpu will wait an integral number 

of clock cycles for READY to go high before completing the read or write cycle. READY 
must conform to specified setup and hold times. 


HOLD indicates that another master is requesting the use of the address and data buses. 
The cpu, upon receiving the hold request, will relinquish the use of the bus as soon as the 
completion of the current bus transfer. Internal processing can continue. The processor 
can regain the bus only after the HOLD is removed. When the HOLD is acknowledged, 

the Address, Data, RD, WR, and 10/M lines are 3-stated. 


HOLD ACKNOWLEDGE: Indicates that the cpu has received the HOLD request and 
that it will relinquish the bus in the next clock cycle. HLDA goes low after the Hold 
request is removed. The cpu takes the bus one half clock cycle after HLDA goes low. 


INTERRUPT REQUEST: Is used as a general purpose interrupt. It is sampled only during 
the next to the last clock cycle of an instruction and during Hold and Halt states. If it is 
active, the Program Counter (PC) wil! be inhibited from incrementing and an INTA will be 
issued. During this cyclea RESTART or CALL instruction can be inserted to jump to the 
interrupt service routine. The INTR is enabled and disabled by software. It is disabled by 
Reset and immediately after an interrupt is accepted. 


RD 
(Output, 3-state) 













WR 
(Output, 3-state) 


READY 
(Input) 


HOLD 
(Input) 





























HiDA 
(Output) 









INTR 
(Input) 




































INTA INTERRUPT ACKNOWLEDGE: Is used instead of (and has the same timing as) RD 
(Output) during the instruction cycle after an INTR is accepted. 

RST 5.5 RESTART INTERRUPTS: These three inputs have the same timing as INTR except they 
RST 6.5 cause an internal RESTART to be automatically inserted. 

RST 7.5 The priority of these interrupts is ordered as shown in Table 1. These interrupts have a 
(Input) higher priority than INTR. In addition, they may be individually masked out using the 





SIM instruction. 


Trap interrupt is a nonmaskable RESTART interrupt. It is recognized at the same timing 
as INTR or RST 5.5—7.5. It is unaffected by any mask or Interrupt Disable. It has the 
highest priority of any interrupt. (See Table 1.) 











TRAP 
(Input) 
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RESET IN Sets the Program Counter to zero and resets the Interrupt Enable and HLDA flip-flops. 
(Input) The data and address buses and the control lines are 3-stated during RESET and because 
of the asynchronous nature of RESET, the processor’s internal registers and flags may be 
altered by RESET with unpredictable results. RESET IN is a Schmitt-triggered input, 

allowing connection to an R-C network for power-on RESET delay. The cpu is held in 
the reset condition as long as RESET IN is applied. _ 

























Indicates cpu is being reset. Can be used as a system reset. The signal is synchronized to 
the processor clock and lasts an integral number of clock periods. 





RESET OUT 
(Output) 
X1,X2 
(Input) 








X4 and X,y are connected to a crystal to drive the internal clock generator. X4 can also 
be an external clock input from a logic gate. The input frequency is divided by 2 to give 
the processor's internal operating frequency. 


CLK Clock Output for use as a system clock. The period of CLK is twice the X;1, X4 input 
(Output) period. 
Serial input data line. The data on this line is loaded into accumulator bit 7 whenever 
a RIM instruction is executed. 
Serial output data line. The output SOD is set or reset as specified by the SIM instruction. 
(Output) 





| GND Ground Reference. 







Table 1 Interrupt Priority, Restart Address, and Sensitivity 
| re “Address Branched To (1) —_ 
When Interrupt Occurs = Type eee 
RST 7.5 po CH _Rising edge (latched). 
RST 6.5 3 PAH High level until sampled. i 
RST 5.5 


42g eval untit sampted. 
INTR Ps) i High Tevet until samp. 


Notes: (1) The processor pushes the PC on the stack before branching to the indicated address. 
(2) The address branched to depends on the instruction provided to the cpu when the interrupt is ac- 
knowledged. 





Name 











38 





FUNCTIONAL DESCRIPTION 


The MSM80C85A is a complete 8-bit parallel 
central processor. It is designed with silicon gate 
C-MOS technology and requires a single +5 volt supply. 
Its basic clock speed is 3MHz, thus improving on the 
present 8080A’s performance with higher system speed. 
Also it is designed to fit into a minimum system of three 
IC’s: The cpu (MSM80C85 A), a RAM/IO (MSM81C55), 
and a ROM/IO chip (MSM83C55). 

The MSM80C85A. has twelve addressable 8-it 
registers. Four of them can function only as two 16-bit 
register pairs. Six others can be used interchangeably 
as 8-bit registers or a 16-bit register pairs. The MSM- 
80C85A register set is as follows: 


ACCorA [Accumulator |8-bits 
16-bit address 


BC, DE, HL | General-Purpose | 8-bit x 6 or 
Registers; 
data pointer (HL) 


[SP [Stack Pointer _| 16-bit address 
|Flagsor F Flag Register 5 flags (8-bit space) 


The MSM80C85A uses a multiplexed Data Bus. 
The address is split between the higher 8-bit Address 
Bus and the lower 8bit Address/Data Bus. During 
the first T state (clock cycle) of a machine cycle the low 
order address is sent out on the Address/Data Bus. 
These tower 8-bits may be latched externally by the 
Address Latch Enable signal (ALE). During the rest of 
the machine cycle the data bus is used for memory or 
1/O data. Se 

The MSM80C85A provides RD, WR, So, S; and 
1O/M signals for bus control. An Interrupt Acknow- 
ledge signal (INTA) is also provided. Hold and all 
Interrupts are synchronized with the processor's internal 
clock. The MSM80C85A also provides Serial Input Data 
(SID) and Serial Output Data (SOD) lines for a simple 
serial interface. 

In addition to these features, the MSM80C85A has 
three maskable, vector interrupt pins and one nonmask- 
able TRAP interrupt. 












INTERRUPT AND SERIAL 1/O 


The MSM80C85A has 5 interrupt inputs: INTR, 
RST 5.5, RST 6.5, RST 7.5, and TRAP, INTR is identi- 
cal in functi-> to the 8080A INT. Each of the three 
RESTART inputs, 5.5, 6.5, and 7.5, has a program- 
mable mask. TRAP is also a RESTART interrupt but 
it is nonmaskable. 

The three maskable interrupts cause the internal 
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execution of RESTART (saving the program counter 
in the stack and branching to the RESTART address) 
if the interrupts are enabled and if the interrupt mask is 
not set. The nonmaskable TRAP causes the internal 
execution of a RESTART vector independent of the 
state of the interrupt enable or masks. (See Table 1.) 

There are two different types of inputs in the 
restart interrupts. RST 5.5 and RST 6.5 are high 
level-sensitive like INTR (and INT on the 8080A) and 
are recognized with the same timing as INTR. RST 7.5 
is rising edge-sensitive. 

For RST 7.5, only a pulse is required to set an 
internal flip-flop which generates the internal interrupt 
request. The RST 7.5 request flip-flop remains set until 
the request is serviced. Then it is reset automatically. 
This flip-flop may also be reset by using the SIM instruc- 
tion or by issuing a RESET IN to the MSM80C85A. 
The RST 7.5 internal flip-flop will be set by a pulse on 
the RST 7.5 pin even when the RST 7.5 interrupt is 
masked out. 

The interrupts are arranged in a fixed priority that 
determines which interrupt is to be recognized if more 
than one is pending as follows: TRAP —highest priority, 
RST 7.5, RST 6.5, RST 5.5, INTR—lowest priority. 
This priority scheme does not take into account the 
priority of a routine that was started by a higher priori- 
ty interrupt. RST 5.5 can interrupt an RST 7.5 routine 
if the interrupts are re-enabled before the end of the 
RST 7.5 routine. 

The TRAP interrupt is useful for catastrophic 
events such as power failure or bus error. The TRAP 
input is recognized just as any other interrupt but has 
the highest priority. It is not affected by any flag or 
mask. The TRAP input is both edge and level sensitive. 
The TRAP input must go high and remain high until 
it is acknowledged. It will not be recognized again 
until it goes low, then high again. This avoids any false 
triggering due to noise or logic glitches. Figure 3 illus- 
trates the TRAP interrupt request circuitry within the 
MSM80C85A. Note that the servicing of any interrupt 
(TRAP, RST 7.5, RST 6.5, RST 5.5, INTR) disables all 
future interrupts (except TRAPs) until an El instruction 
is executed. 

The TRAP interrupt is special in that it disables 
interrupts, but preserves the previous interrupt enable 
Status. Performing the first RIM instruction following 
a TRAP interrupt allows you to determine whether 
interrupts were enabled or disabled prior to the TRAP. 
All-subsequent RIM instructions provide current inter- 
rupt enable status. Performing a RIM instruction fol- 
lowing INTR or RST 5.5—7.5 will provide current 
interrupt Enable status, revealing that interrupts are 
disabled. 

The serial |/O system is also controlled by the RIM 
and SIM instructions. SID is read by RIM, and SIM 
sets the SOD data. 


39 








= CPU:MSM80C85ARS/GS/JS = 


EXTERNAL | 
TRAP 
INTERRUPT 
REQUEST | 


RESET IN 


INTERNAL 
TRAP 


INSIDE THE MSM80C85A 


INTERRUPT 
REQUEST 


TRAP F.F 


ACKNOWLEDGE 





Figure 3. Trap and RESET IN Circuit 


DRIVING THE X, and X, INPUTS 


You may drive the clock inputs of the MSM80C- 
85A with a crystal, or an external clock source. The 
driving frequency must be at least 1 MHz, and must be 
twice the desired internal clock frequency; hence, the 
MSM80C85A is operated with a 6 MHz cyrstal (for 
3 MHz clock). If a crystal is used, it must have the fol- 
lowing characteristics: 

Parallel resonance at twice the clock frequency 

desired 

C,_ (load capacitance) < 30 pF 

Cy (shunt capacitance) < 7 pF 

Rs (equivalent shunt resistance) < 75 ohms 


A. Quartz Crystal Clock Driver 


80C85A 


CinT = 15pF 


100pF Capacitor required for crystal frequency < 4MHz. 
50pF Capacitor required for crystal frequency = 4 MHz. 





Drive level: 10 mW 

Frequency tolerance: +.005% (suggested) 

Note the use of the capacitors between X,;, Xz and 
ground. These capacitors are required to assure oscilla- 
tor startup at the correct frequency. 

Figure 4 shows the recommended clock driver 
circuits. Note in B that a pullup resistor is required to 
assure that the high level voltage of the input is at least 
4V. . . 

For driving frequencies up to and including 6 MHz 
you may supply the driving signal to X; and leave X» 


- Open-circuited (Figure 4B). To prevent self-oscillation 


of the MSM80C85A, be sure that X is not coupled 
back to X,; through the driving circuit. 


1—6 MHz Input Frequency External Clock 


Drive Circuit 
VIH >0.8Vcc 
High time > 60ns 


Low time > 60ns 


X1 


* X» Left floating 


Figure 4 Clock Driver Circuits 
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BASIC SYSTEM TIMING 


The MSM80C85A has a multiplexed Data Bus. 
ALE is used as a strobe to sample the lower 8-bits of 
address on the Data Bus. Figure 5 shows an instruction 
fetch, memory read and 1/O write cycle (as would occur 
during processing of the OUT instruction). Note that 
during the 1/O write and read cycle that the !/O port 
address is copied on both the upper and lower half of 
the address. 

There are seven possible types of machine cycles. 
Which of these seven takes place is defined by the 
status of the three status lines (IO/M, S;, Sg) and the 
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three control signals (RD, WR, and INTA). (See Table 
2.) The status line can be used as advanced controls 
(for device selection, for example), since they become 
active at the T, state, at the outset of each machine 
cycle. Control lines RD and WR become active later, 
at the time when the transfer of data is to take place, 
so are used as command lines. 

A machine cycle normally consists of three T 
states, with the exception of OPCODE FETCH, which 
normally has either four or six T states (unless WAIT 
or HOLD states are forced by the receipt of READY 
or HOLD inputs). Any T state must be one of ten 
possible states, shown in Table 3. 


Table 2 MSMS80C85A Machine Cycle Chart 





Machine Cycle 


Opcode Fetch (OF) 
Memory Read (MR) 
Memory Write (MW) 





1/O Write (1OW) 


Acknowledge of INTR (INA) 


(BI): DAD 
ACK. OF 

RST, TRAP 

HALT 


Bus Idle 


Status & Buses 


0 = Logic “0”’ 

1 = Logic “1” 

TS = High Impedance 
X = Unspecified 


Notes: (1) 


Led 
eae 
heel 
| WORed HOR) | 
a 





















«| x = 
> 


 ?) 


eed 
a 
a aa 


ALE not generated during 2nd and 3rd machine cycles of DAD instruction. 
(2) 10/M= 1 during T4~T6 of INA machine cycle. 
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Mi | M2 M3 
T T, Ts Ta T1 T3f7AT1 Tof-\T3 T 


PCy . 
(HIGH ORDER ADDRESS (PC + 1H p l1OPORT }) 


(LOW ORDER | 


DATA FROM DATA FROM MEMORY DATA TO MEMORY 
ADDRESS! MEMORY (1/0 PORT ADDRESS) OR PERIPHERAL 


(INSTRUCTION) 


10/M 


STATUS S1So (FETCH) BS 10 (READ) > . 01 WRITE B 11 





Figure 5- MSM80C85A Basic System Timing 


Table 4 Absolute Maximum Ratings 





Ambient Temperature under Bias ......... 00. eee eee ee eee ee ee tt ee ene -40°C to + 85°C 
Storage Temperature... 2... tw ee ee ee ee tee wee ee es ~=6-55°C to + 150°C 
Supply Voltage Respect to Ground .............000 cee eevee eveenecens . -0.3V to + 7.0V 
Input Voltage Respect to Ground .......... 2.0.0 cee ee ee eee een eee eens -—0.3V to vec +0.3V 
Power Dissipation: i260 eae & A Ri ww a eae Se wwe Ba ee Se we aes 1.0 Watt (DIP) 


0.7 Watt (FLAT) 
1.0 Watt (PLCC) 





Note: Stresses above those listed under ‘Absolute Maximum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions above those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. _ 


42 





m= CPU-MSM80C8SARS/GS/JS ua 


D.C. CHARACTERISTICS 
(Ta = -40°C to + 85°C; Vcc = 5V +10%; unless otherwise specified) 


Tox | Unies [Test Gonaitons 
Vcc + 0.3 
+ 













Input High Voltage V 
Output Low Voltage V 
Vv 


Output High Voltage 
Input Low Level, RESET | ViLR 
Input High Level, RESET | VinR | 3.0 _ 


Power Supply Current 
A.C. CHARACTERISTICS 
(Ta = -40°C to 88°C; Vcc = 5V +10%) 


CLK Cycle Period 


Cin 
P22 | 
i 
es 
| 42 | Poe 
co [| 0 
co [| 
. 
17 


Vcc = 4,5V to 5.5V 
Ta = 40°C to +85°C | 356n; 


=4, : . Reset 
Vcc : 75V to eine ‘Active 
Ta =0 Cto+85 C 
















aa 
a 
ae 
a 
a 
aaa 
uae 
as 
<2 
ss 





Power Supply Voltage 











[et Hightinw——SSSCS~—~i a 
[CLR Rise ans FaTine—SSS~dCia 

[a Rising to CLK Ring ———SSS~dC xc | 
[4 Rising tO CLK Faling———*dr | 
[Aowis Vaidto Vas Dw@in dtm 
[Acres Flos After Lancing Ege of AO UNTA) | tap 


) 
[ata Valid Teling Ege of WR tow 
[Bs Font fer HLA 


Address (Ag—Aj5) Valid After Control 
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A.C. CHARACTERISTICS (cont'd) 










INTR, RST, and TRAP Setup Time to Falling Edge 
of CLK 








ALE Low During CLK High tLCK 


- ALE to Valid Data During Read 
ALE to Valid Data During Write 
ALE Width 
ALE to READY Stable 


Trailing Edge of RDto Re-Enabling of Address | trae | 

RD (or INTA) to Valid Data | trp 

Control Trailing Edge to Leading Edge of Next Control try 
“Data Hold Time After RD INTA (7) 

READY Hold Time 

READY Setup Time to Leading Edge of CLK 
~ Data Valid After Trailing Edge of WR 

LEADING Edge of WR to Data Valid | 









Notes: (1) Ag—Aj5 address Specs apply to 10/M, So, and S; except Ag—A\j5 are undefined during T4—T6 of OF 
_ cycle whereas 10/M, So, and S, are stable. 
(2) Test conditions: teyc = 320ns Cy = 150pF 
(3) For all output timing where Cy. = 150pF use the following correction factors: 
25pF SC. < 150pF: -0.10ns/pF 
150pF < CL < 300pF: +0.30ns/pF 
(4) Output timings are measured with purely capacitive load. 
(5) All timings are measured at output voltage V;_ = 0.8V, Vy = 2.2V, and 1.5V with 10ns rise and fall time 
on inputs. 
(6) To calculate timing specifications at other values of tcyc use Table 7. 
(7) Data hold time is guaranteed under all loading conditions. 


input Waveform for A.C. Tests: 


2.2 tegp = 2? 
0.8 POINTS “™o0.8 
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Table 7 Bus Timing Specification as a Tcy¢ Dependent 


MSM80C85A 







a a 
tLA (1/2)T — 60 | MIN, 
(1/2)T — 20 | MIN, | 

tLcK (1/2)T — 60 | MING 






(1/2)T — 10 
(1/2)T — 40 
(3/2 + N)T — 60 
(1/2)T — 60 
(3/2 + N)T — 80 
(1/2)T — 110 
(3/2)T — 260 
(1/2)T — 50 
(1/2)T+50 
(1/2)T + 50 
(2/2)T - 50 
(1/2)T - 80 
(1/2)T - 40 
(3/2)T - 80 
(2+N)T - 180 


tL 


2) 


ve 
f" 
os 


‘ 
o 


tcc 
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Figure 6 Clock Timing Waveform 
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READ OPERATION 
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WRITE OPERATION 
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7 joe. Ganda — 
tcc i 
tLC : : tcL 
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Read operation with Wait Cycle (Typical) — 
same READY timing applies to WRITE operation . 


aa 


feet aes tees 
taD tRDH 


ey 
tLDR 
a, | |} tRD 
tcc 


RD/INTA 
tcL 


t 
AG LRY 
tARY 
READY 


Note: READY must remain stable during setup and hold times. 





Figure 7 MSMS80C85A Bus Timing, With and Without Wait 


HOLD OPERATION 





Figure 8 MSMS80C85A Hold Timing 
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T6 THOLD T1 T2 


BUS FLOATING (1) 


mre Z| |\_\ 


tINS tINH 


HOLD 


HLDA 





Note: (1) 10/Mis also floating during this time. 





Figure 9 MSMS8O0C85A Interrupt and Hold Timing 
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Table 8 


Description 


MOVE, LOAD, AND STORE 


MOVr1 r2 
MOV Mr 
MOV rM 
MVir 
MVIM 
LXIB 
LX! D 
LX!H 
LX1 SP 
STAX B 
STAX D 
LDAX B 
LDAX D 
STA 
LDA 
SHLD 
LHLD 
XCHG 


STACK OPS 
PUSH B 
PUSH D 
PUSH H 
PUSH PSW 
POP B 
POP D 
POP H 
POP PSW 
XTHL 
SPHL 


Move register to register 

Move register to memory 

Move memory to register 

Move immediate register 

Move immediate memory 

Load immediate register Pair B & C 
Load immediate register Pair D & E 
Load immediate register Pair H & L 
Load immediate stack pointer 
Store A indirect 

Store A indirect 

Load A indirect 

Load A indirect 

Store A direct 

Load A direct 

Store H & L direct 

Load H & L direct 

Exchange D & E H & L registers 


Push register Pair B & C on stack 
Push register Pair D & E on stack 
Push register Pair H & L on stack 
Push A and Flags on stack 

Pop register Pair B & C off stack 
Pop register Pair D & E off stack 


Pop register Pair H & L off stack 
‘Pop A and Flags off stack 


Exchange top of stack H & L 
H & L to stack pointer 


Jump unconditional 
Jump on carry 

Jump on no carry 

Jump on zero 

Jump on no zero 

Jump on positive 

Jump on minus 

Jump on parity even 
Jump on parity odd 

H & L to program counter 


Call unconditional 
Call on carry 

Call on no carry 
Call on zero 

Call on no zero 
Cail on positive 
Call on minus 

Call on parity even 
Call on parity odd 


-~oodoododcodocoeo0ocoeoeceo0o0°neodc eo 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


a =&@ = = = at = = = — 


eh ae ef ad ott ot od =) = 





-ooododccoeoe°qoceooco0oo0e=-}-e- 


wt et ab eft ott ot == ott = WD =_— ae = =- = = = = = 


di = = ot = et ot = = 


Instructiun Code (1) 


Ds D4 


ar wt 2 = © OC OC OO 2 sw ew = OO =] = CO O 


ee]2][/]00000 


instruction Set Summary 


oooerrr0r7fr0 20/0 200-0 


ooore20O022 0 -or70 "02202 0 


oon, rf002+ 0 


D3 Dz Dy, 


7 oO 2/0 0702 0 -9oao0oo0o0o°coooq so 


oe-rjravn@A O"0O—— = 


oooooo0o0ocooo0coooo=}?--0M% 


CooCcocooOoOaAa a4 


ooo oo 0 0000 


= eb =e ef et = ow = =| 


~~ 2 @ emp 2 eB eB 2 =|@ OC OC |= =] =| YN 


oj-aqao 0o0 00000 


oooo0oo0o0o0oc9cjo 


OoOnw a@ a S| S&S] S| a - = 
l}-"oo000000— 


-oodod ocodo0oo0oo=w]-H20 000 MN 


a = ott ot = oe w= = = | 


oooo0o0oco0o=} 


Clock (2) 
Cycles 
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Table 8 Instruction Set Summary cont’d 


Instruction Code(1) Clock(2) - 


Mnemonic Description 
D7 De Ds Da D3 Dz Dy oye 


RETURN — 

RET Return 

RC Return on carry 

RNC Return on no carry 
RZ Return on zero 

RNZ Return on no zero 

RP Return on positive 
RM Return on minus 

RPE Return on parity even 
RPO Return on parity odd 


RESTART 
RST Restart 


INPUT/OUTPUT 


ee ee ee ae 
-2--=-00000 
CO-=00-=0 
Oo-=0c0O-0-22 
COCO OOCCO 
COCO OCC CoO 
COCO OCOOO = 


INCREMENT AND DECREMENT 
Increment register 
Decrement register 
Increment memory 
Decrement memory 
Increment B & C registers 
Increment D & E registers 
Increment H & L registers 
Increment stack pointer 
Decrement B & C 
Decrement D&E 
Decrement H & L 
Decrement stack pointer 


empepep/]a0n0nn0n0n0ndtDad 
= 2 2 -@ = = = = © CO OC OO 
2 2 oa a 2 2 2 =@ = CE = O 
ODAOAMAAAOOA LH 


oooo0o0oo0o0oess?s- 


0 O 
0 60 
0 60 
0 60 
Oo 60 
0 600 
0.6 6—O 
0 O 
0 6 60 
0 6 6—O 
0.6 6—O 
0 60 


Add register to A 

Add register to A with carry 
Add memory to A 

Add memory to A with carry 
Add immediate to.A 
Add immediate to A with carry 
AddB&CtoH&L 

Add D& EtoH & L 
AddH&LtoH&L 

Add stack pointer toH & L 


CO0O=-=c000 
-=-OC0000000 
=Oo-c000000 
COO OH---09Nn 
COCOA -2250nNn 
==3-3-=00000NN 


OOQO0OdO0O0F aA wa a =| = 
= 2 2 a = O =] O = © 


SUBTRACT 

SUB r Subtract register from A | 

SBB r Subtract register from A with borrow 

SUB M Subtract memory from A 

SBB M Subtract memory from A with borrow 

SUI . Subtract immediate from A 

SBI Subtract immediate from A with 
borrow 
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LOGICAL 
ANAr 
XRAr 
ORAr 
CMP r 
ANA M 
XRA M 
ORAM 
CMP M 
ANI 
XRI 
ORI 
CPI 


ROTATE 
RLC. 
RRC 
RAL 
RAR 


SPECIALS 
CMA 

STC 

CMC 

DAA 


CONTROL 
EI 

DI 

NOP 

HLT 

RIM 

SIM 
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Table 8 instruction Set Summary cont’d 


And register with A 
Exclusive Or register with A 
Or register with A 

Compare register with A 
And memory with A 
Exclusive Or memory with A 
Or memory with A 

Compare memory with A 
And immediate with A 
Exclusive Or immediate with A 
Or immediate with A 
Compare immediate with A 


Rotate A left 

Rotate A right 

Rotate A left through carry 
Rotate A right through carry 


Complement A 
Set carry 
Complement carry 
Decimal adjust A 


Enable Interrupts 
Disable Interrupt 
No-operation 

Halt 

Read Interrupt Mask 
Set Interrupt Mask 


D7 


-_— ws = wt et a ott at ot = = ws 


===~9g0000000 


De 


Instruction Code (1) 


Ds 


2 = wo ow oe et wt ot et et 


Da 


=~ —2— 00" = 00 2 00 


D3 


=O -002£02 0-2 0 


D2, Dy, 


sa 2 w2@ ae wt erariae (9) 11 ~Y WY 
-— 2 a@se& wBP Ber ae |? (1) 1) —A WY 


Oooo ooooOnNnNnnN 


A Aa hA A aA AAA AA AA VN NNN NNN RADA 





Clock(2) 
Cycles 





Notes: (1) DDD or SSS. B 000. C 001. D 010. E 011. H 100. L 101. Memory 110. A 111. 
(2) Two possible cycle times, (6/12) indicate instruction cycles dependent on condition flags. 
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OKI semiconductor 
MSM80C85A-2RS/GS/JS 


8-BIT CMOS MICROPROCESSOR 





GENERAL DESCRIPTION . 


The MSM80C85A-2 is a complete 8-bit parallel central processor implemented in silicon gate C-MOS technology 


and compatible with MSM80C85A. 


It is designed with higher processing speed (max. 5 MHz) and lower power consumption compared with 
MSM80C85A and power down mode is provided, thereby offering a high level of system integration. 

The MSM80C85A-2 uses a multiplexed address/data bus. The address is split between the 8-bit address bus and 
the 8-bit data bus. The on-chip address latches a MSM81C55-5 memory products allow a direct interface with the 


MSM80C85A-2. 


FEATURES 


* Power down mode 

* Low Power Dissipation: 50mW Typ 

* Single +3 to +6 V Power Supply 

*—40 to +85°C, Operating Temperature 

- Compatible with MSM80C85A 

°0.8u Instruction Cycle (Vcc = 5V) 

*On-Chip Clock Generator (with External Crystal) 

* On-Chip System Controller; Advanced Cycle Status 
information Availabie for Large System Control 


FUNCTIONAL BLOCK DIAGRAM 


INTA RST6.5 TRAP 
INTR iis RST7.5 


INTERRUPT CONTROL 


* Four Vectored Interrupt Inputs (One is non-maskable) 
Pius the 8080A-compatible interrupt. 

* Serial In/Serial Out Port 

* Decimal, Binary and Double Precision Arithmetic 

* Addressing Capability to 64K Bytes of Memory 

*TTL Compatible 

* 40 pin Plastic DIP (MSM80C85A-2RS) 

* 44 pin Plastic Flat Package (MSM80C85A-2GS) 

* 44 pin PLCC Package (MSM80C85A-2JS) 


SERIAL 1/Q ~ 
CONTROL 


DATA BUS 


i 8-BIT INTERNAL 


gaye TEMP REG (8) 


Ft.AG (5) 
LIP FLOPS 


ARITHMETIC 
. LOGIC 


IT 
reat (8) ENCODING 


Power —» +5V 
Supply | —~GND 


POWER DOWN 
CLK 
GEN CONTROL 


TIMING AND CONTROL 
STATUS DMA 


RD WR ALE S_ S, 10/M | HLDA 
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INSTRUCTION 
REGISTER (8) 
Ra INSTRUCTION 


DECODER 
AND 


: INCREMENTER 
DECREMENTER 
: AWS A H : 


ADDRESS DATA/ADDRESS 
BUFFER (8) _BUFFER (8) 


e— 
RESET | . | 


ee OUT 
HOLD RESET IN 


Ais—As AD, —ADy 
ADDRESS BUS ADDRESS/DATA BUS 
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PIN CONFIGURATION 


Vec 
MSM80C85A-2RS (Top View) HOLD 


40 Lead Plastic DIP 


RESET IN 
READY 
10/M 

S; 

RD 


rj CLK (OUT) 
-—_—J RESET IN 


MSM80C85A-2GS (Top View) 
44 Lead Plastic Flat Package 


~ 


wv ” 


o Cc 


Ot 
> 


a o = 
< 


a os 
Gaqga4 
qaeqqqZ fk 


> D RES-OUT 
J CLK OUT 
fl) RESET-IN 


pS 


MSM80C85A-2JS (Top View) 
| 44 Plastic Leaded Chip Carrier RsT5.510 
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MSM80C85A-2 FUNCTIONAL PIN DEFINITION 


The following describes the function of each pin: 


Symbol | Function 


 Agp—Ais Address Bus: The most significant 8-bits of the memory address or the 8-bits of the I/O 
(Output, 3-state) address, 3-stated during Hold and Halt modes and during RESET. 

AD, —AD, 
(Input/Output) 
3-state . 


ALE 
(Output) 






















Multiplexed Address/Data Bus: Lower 8-bits of the memory address (or |/O address) 
appear on the bus during the first clock cycle (T state) of a machine cycle. It then 
becomes the data bus during the second and third clock cycles. 








Address Latch Enable: It occurs during the first clock state of a machine cycle and enables 
the address to get latched into the on-chip latch of peripherals. The falling edge of ALE 
is set to guarantee setup and hold times for the address information. The falling edge 

of ALE can also be used to strobe the status information ALE is never 3-stated. 










So, $1, 10/M Machine cycle status: 


(Output) 1O/M S, So States 10/M Si So States 
0 0 1 Memory write 1 1 $1 Interrupt Acknowledge 
QO 1 0 Memory read 0 O Halt = 3-state 
1 O 1 t/Owrite x x Hold (high impedance) 
1 1 =O I/O read x x Reset x= unspecified © 


O 1 #1 += Opcode fetch 
Si can be used as an advanced R/W status. 10/M, So and S; become valid at the beginning 
of a machine cycle and remain stable throughout the cycle. The falling edge of ALE may 
be used to latch the state of these lines. | 






RD 
(Output, 3-state) 


READ control: A low level on RD indicates the selected memory or I/O device is to be 
read and that the Data Bus is available for the data transfer, 3-stated during Hold and Halt 
modes and during RESET. 


WRITE control: A low level on WR indicates the data on the Data Bus is to be written 
into the selected memory or I/O location. Data is set up at the trailing edge of WR, 
3-stated during Hold and Halt modes and during RESET. 


If READY is high during a read or write cycle, it indicates that the memory or peripheral 
is ready to send or receive data. If READY is low, the cpu will wait an integral number 

of clock cycles for READY to go high before completing the read or write cycle READY 
must conform to specified setup and hold times. 

















-WR 
(Output, 3-state) 


READY 
(Input) 
HOLD 
(Input) . 


HLDA ~ 
(Output) 


INTR 
(Input) 


INTA 
(Output) 













HOLD indicates that another master is requesting the use of the address and data buses. 
The cpu, upon receiving the hold request, will relinquish the use of the bus as soon as the 
completion of the current bus transfer. Internal processing can continue. The processor 
can regain the bus only after the HOLD is removed. When the HOLD is acknowledged, 
the Address, Data, RD, WR, and !0/M lines are 3-stated. And status of power down is 
controlled by HOLD. 


HOLD ACKNOWLEDGE: Indicates that the cpu has received the HOLD request and 
that it will relinquish the bus in the next clock cycle. HLDA goes low after the Hold 
request is removed. The cpu takes the bus one half clock cycle after HLDA goes. low. 




















INTERRUPT REQUEST: Is used as a general purpose interrupt. It is sampled on during 
the next to the last clock cycle of an instruction and during Hold and Halt states. If it is 
active, the Program Counter (PC) will be inhibited from incrementing and an INTA will 
be issued. During this cycle a RESTART or CALL instruction can be inserted to jump 
to the interrupt service routine. The INTR is enabled and disabled by software. It is. 
disabled by Reset and immediately after an interrupt is accepted. Power down mode is 
reset by INTR. 


INTERRUPT ACKNOWLEDGE: Is used instead of (and has the same timing as) RD 
during the instruction cycle after an INTR is accepted. 






















RST 5.5 RESTART INTERRUPTS: These three inputs have the same timing as INTR except 
RST 6.5 they cause an internal RESTART to be automatically inserted. . 
RST 7.5 The priority of these interrupts is ordered as shown in Table 1. These interrupts have a 


(Input) higher priority than INTR. In addition, they may be individually masked out using the 


SIM instruction. Power down mode is reset by these interrupts. 






TRAP 
(Input) 


Trap interrupt is a nonmaskable RESTART interrupt. It is recognized at the same timing 
as INTR or RST 5.5—7.5. It is unaffected by any mask or Interrupt Disable. It has the 
highest priority of any interrupt. (See Table 1.) Power down mode is reset by input of 
TRAP. 
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Symbol Function 


RESET IN Sets the Program Counter to zero and resets the Interrupt Enable and HLDA flip-flops 
(Input) and release power down mode. The data and address buses and the control lines are 3- 
stated during RESET and because of the asynchronous nature of RESET, the processor's 
internal registers and flags may be altered by RESET with unpredictable results. RESET 
TN is a Schmitt-triggered input, allowing connection to an R-C network for power-on 
RESET delay. The cpu is held in the reset condition as long as RESET IN is applied. 


RESET OUT Indicated cpu is being reset. Can be used as a system reset. The signal is synchronized to 
(Output) the processor clock and lasts an integral number of clock periods. 
Xi, Xe X, and Xz are connected to a crystal to drive the internal clock generator. X; can also 


(Input) be an external clock input from a logic gate. The input frequency is divided by 2 to give 
the processor's internal operating frequency. 


CLK Clock Output for use as a system clock. The period of CLK is twice the X;, X2 input 
(Output) period. 
SID Serial input data line. The data on this line is loaded into accumulator bit 7 whenever 
(Input) a RIM instruction is executed. 

Serial output data line. The output SOD is set or reset ds specified by the SIM instruction. 
a 





































Table 1 Interrupt Priority, Restart Address, and Sensitivity 
p : Address Branched To (1) . Type Tr 
riority When Interrupt Occurs YRS AMOI! 
TRAP Rising edge and high level until 
sampled. 















RST 5.5 High level until sampled. 
INTR High level until sampled. 


Notes: (1) The processor pushes the PC on the stack before branching to the indicated address. 


(2) The address branched to depends on the instruction provided to the cpu when the interrupt is ac- 
knowledged. 
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FUNCTIONAL DESCRIPTION 


The MSMS80C85A-2 is a complete 8-bit parallel 
central processor. It is designed with silicon gate 
C-MOS technology and requires a single +5 volt supply. 
Its basic clock speed is 5MHz, thus improving on the 
present MSM80C85A's performance with higher system 
speed and power down mode. Also it is designed 
to fit into a minimum system of three IC’s: The cpu 
(MSM80C85A-2), and a RAM/1IO (MSM81C55-5) 

The MSM80C85A-2 has twelve addressable 8-bit 
register pairs. Six others can be used interchangeably 
as 8-bit registers or a 16-bit register pairs. The MSM- 
80C85A-2 register set is as follows: 


[ emonie| Reiser [Contents 
ACC or A 
PC 16-bit address 


BC, DE, HL | General-Purpose | 8-bit x 6 or 
Registers; 16-bits x 3 
data pointer (HL) 















The MSM80C85A-2 uses a multiplexed Data Bus. 
The address is split between the higher 8-bit Address 
Bus and the lower 8-bit Address/Data Bus. During 
the first T state (clock cycle) of a machine cycle the low 
order address is sent out on the Address/Data Bus. 
These lower 8-bits may be latched externally by the 
Address Latch Enable signal (ALE). During the rest of 
the machine.cycle the data bus is used for memory or 
1/O data. 

The MSM80C85A-2 provides RD, WR, So, S; and 
10/M signals for bus control. An Interrupt Acknow- 
ledge signal (INTA) is also provided. Hold and all 
Interrupts are synchronized with the processor's internal 
clock. The MSM80C85A-2 also provides Serial Input 
Data (SID) and Serial Output Data (SOD) lines for a 
simple serial interface. ' 

In addition to these features, the MSM80C85A-2 
has three maskable, vector interrupt pins, one nonmask- 
able TRAP interrupt and power down mode with HALT 
and HOLD. 





“INTERRUPT AND SERIAL 1/O 


The MSM80C85A-2 has 5 interrupt inputs: INTR, 
RST 5.5, RST 6.5, RST 7.5, and TRAP. INTR is identi- 
cal in function to the 8080A INT. Each of the three 
RESTART inputs, 5.5, 6.5, and 7.5, has a program- 
mable mask. TRAP is also a RESTART interrupt but 
it is nonmaskable. 7 

The three maskable interrupts cause the interna! 
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execution of RESTART (saving the program counter 
in the stack and branching to the RESTART address) 
if the interrupts are enabled and if the interrupt mask is 
not set. The nonmaskable TRAP causes the internal 
execution of a RESTART vector independent of the 
state of the interrupt enable or masks. (See Table 1.) 

_ There are two different types of inputs in the 
restart interrupts. RST 5.5 and RST 6.5 are: high 
level-sensitive like INTR (and INT on the 808GA) and 
are recognized with the same timing as INTR. RST 
7.5 is rising edge-sensitive. 

_ For RST 7.5, only a pulse is required to set a 
internal flip-flop which generates the internal interrupt 
request. The RST 7.5 request flip-flop remains set until 
the request is serviced. Then it is reset automatically. 
This flip-flop may also be reset by using the SIM instruc- 
tion or by issuing a RESET IN to the MSM80C85A. 
The RST 7.5 internal flip-flop will be set by a pulse on 
the RST 7.5 pin even when the RST 7.5 interrupt is 
masked out. 

The interrupts are arranged in a flixed priority that 
determines which interrupt is to be recognized if more 
than one is pending, as follows: TRAP—highest priority, 
RST 7.5, RST 6.5, RST 5.5, INTR—lowest priority. 
This priority scheme does not take into account the 
priority of a routine that was started by a higher priori- 
ty interrupt. RST 5.5 can interrupt an RST 7.5 routine 
if the interrupts are re-enabled before the end of the 
RST 7.5 routine. | 

The TRAP interrupt is useful for catastrophic 
events such as power failure or bus error. The TRAP 
input is recognized just as any other interrupt but has 
the highest priority. It is not affected by any flag or 
mask. The TRAP input is both edge and level sensitive. 
The TRAP input must go high and remain high until 
it is acknowledged. It will not be recognized again 
until it goes low, then high again. This avoids any false 
triggering due to noise or logic glitches. Figure 3 illus- 
trates the TRAP interrupt request circuitry within the 
MSM80C85A-2. Note that the servicing of any interrupt 
(TRAP, RST 7.5, RST 6.5, RST 5.5, INTR) disables all 
future interrupts (except TRAPs) until an El instruction 
is executed. 

The TRAP interrupt is special in that it disables 
interrupts, but preserves the previous interrupt enable 
status. Performing the first RIM instruction following 
a TRAP interrupt allows you to determine whether 
interrupts were enabled or disabled prior to the TRAP. 
All subsequent RIM instructions provide current inter- 
rupt enable status. Performing a RIM instruction fol- 
lowing INTR or RST 5.5—7.5 will provide current 
interrupt Enable status, revealing that Interrupts are 
disabled. | 

_ The serial !/O system is also controlled by the RIM 
and SIM instructions. SID is read by RIM, and SIM 
sets the SOD data. 





EXTERNAL 
TRAP 
INTERRUPT 
REQUEST 


RESET IN 


INTERNAL 
TRAP 


INSIDE THE MSM80C85A-2 


INTERRUPT 
REQUEST 


TRAP F.F 


ACKNOWLEDGE 





Figure 3 Trap and RESET IN Circuit 


DRIVING THE X, and X, INPUTS 


You may drive the clock inputs of the MSM80C- 
85A-2 with a crystal, or an external clock source. The 
driving frequency must be at least 1 MHz, and must be 
twice the desired internal clock frequency; hence, the 
MSM80C85A-2 is operated with a 6 MHz crystal (for 
3 MHz clock). If a crystal is used, it must have the fol- 
lowing characteristics: 

Parallel resonance at twice the clock frequency 

desired 

C, (load capacitance) < 30 pF 

Cs (shunt capacitance) < 7 pF 

Rs (equivalent shunt resistance) < 75 ohms 


A. Quartz Crystal Clock Driver 


80C85A-2 
~ 


Drive level: 10 mW 

Frequency tolerance: +.005% (suggested) 

Note the use of the capacitors between X;, X2 and 
ground. These capacitors are required to assure oscilla- 
tor startup dt the correct frequency. 

Figure 4 shows the recommended clock driver 
circuits. Note in B that a pullup resistor is required to 
assure that the high level voltage of the input is at least 
4v. 

For driving frequencies up to and including 6 MHz 
you may supply the driving signal to X, and leave X, 
open-circuited (Figure 4B). To prevent self-oscillation 
of the MSM80C85A-2, be sure that X, is not coupled 
back to X, through the driving circuit. 


1—10 MHz Input Frequency External Clock 
Drive Circuit 


VIH >0.8Vcc 
High time > 40ns 


Low time > 40ns 


== Cint = 15pF 


C, 


33pF Capacitor required for crystal frequency 10 to 6.25 MHz. 
50pF Capacitor required for crystal frequency 6.25 to 4 MHz. 
100pF Capacitor required for crystal frequency <4 MHz. 





* X, Left floating 


Figure 4 Clock Driver Circuits 
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BASIC SYSTEM TIMING 


The MSM80C85A-2 has a multiplexed Data Bus. 
ALE is used as a strobe to sample the lower 8-bits of 
address on the Data Bus. Figure 5 shows an instruction 
fetch, memory read and I/O write cycle (as would occur 
during processing of the OUT instruction). Note that 
during the !/O write and read cycle that the !/O port 
address is copied on both the upper and lower half of 
the address. 

There are seven possible types of machine cycles. 
Which of these seven takes place is defined by the 
status of the three status lines (IO/M, S,, So) and the 





three control signals (RD, WR, and INTA). (See Table 
2.) The status line can be used as advanced controls 
(for device selection, for example), since they become 
active at the T, state, at the outset of each machine 
cycle. Control lines RD and WR become active later, 
at the time when the transfer of data is to take place, 
sO are used as command lines. 

A machine cycle normally consists of three T 
states, with the exception of OPCODE FETCH, which 
normally has either four or six T states (unless WAIT 
or HOLD states are forced by the receipt of READY 
or HOLD inputs). Any T state must be one of: ten 
possible states, shown in Table 3. 


Table 2 MSM80C85A-2 Machine Cycle Chart 











Acknowledge of INTR (INA) 


(BI): DAD 
ACK. OF 
RST, TRAP 
HALT 


Bus Idle 








0 
1 
TS 


achine Cycle = 
| 1o/M 


3 
0 
ae a 
nee 
Tvowie wow iY 
a 





Control! 






—_ 
a 


oo 
?p) 
poe ee 
~” 





Table 3 MSM80C85A-2 Machine State Chart 






Status & Buses 





0 = Logic 0” 

1 = Logic “1” 

TS= High Impedance 
= Unspecified 








AD, —AD, 


Machine State = 
TT 








| 
| 





INTA ALE 


D 
io) 
= 
a 





” 






-| 
n” 


” 
n 


” 
” 


n 
n 





Notes: (1) ALE not generated during 2nd and 3rd machine cycles of DAD instruction. 
(2) 10/M = 1 during Ts ~ Ts of INA machine cycle. 
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(LOW ORDER 
AODRESS) DATA FROM 
MEMORY 
(INSTRUCTION) 


DATA FROM MEMORY DATA TO MEMORY 
(1/0 PORT ADDRESS) OR PERIPHERAL 


_ STATUS 


S, Sp (FETCH) 1 





Figure 5. MSM80C85A-2 Basic System Timing 
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POWER DOWN Mode (a newly added function) 

The MSM80C85A-2 is compatible with the 
MSMB80C85A in function and POWER DOWN mode. 
This reduces power consumption further. 

_ There are two methods available for starting this 
POWER DOWN mode. One is through software control 
by using the HALT command and the other is under 
hardware control by using the pin HOLD. This mode is 
released by the HOLD, RESET, and interrupt pins 
(TRAP, RST7.5, RST6.5, RST5.5, or INTR). (See 
Table 4.) 

Since the sequence of HALT, HOLD, RESET, 
and INTERRUPT is compatible with MSM80C85A, 
every the POWER DOWN mode can. be used with no 
special attention. 


Table 4 POWER DOWN Mode Releasing Method 


Released by using pins RESET 
and INTERRUPT (not by pin 


Start by means of 


“HALT 
HALT command HOLD) 


‘Released by using RESET and 
HOLD pins (not by interrupt 
pins) 


Start by means of 
HOLD pin 
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(1) 


(2) 





Start by means of HALT command 

(See Figures 6 and 7.) 

The POWER DOWN mode can be started by exe- 
cuting the HALT command. ; 

At this time, the system is put into the HOLD 
status and therefore the POWER DOWN mode 
cannot be released even when the HOLD is released 
later. 

In this case, the POWER DOWN mode can be re- 
leased by means of the RESET or interrupt. 

Start by means of HOLD pin (See Figure 8.) 
During the execution of commands other than the 
HALT, the POWER DOWN mode is started when 
the system is put into HOLD status by means of 
the HOLD pin. 

Since no interrupt works during the execution of 
the HOLD, the POWER DOWN mode cannot be 
released by means of interrupt pins. 

In this case, the POWER DOWN mode can be 
released either by means of the RESET pin or by 
releasing the HOLD status by means of HOLD pin. 





= CPU-MSM80C85A-2RS/GS/JSm 


Address Address 


ee) @ 


CPU RUN 
MODE 


RESET IN 





Figure 6. Started by HALT and Released by RESET IN 





Figure 7, Started by HALT and Released by:RST5.5 





Figure 8. Started and Released by HOLD 
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‘= CPU- MSM80C85A-2RS/GS/JSu- 


- ABSOLUTE MAXIMUM RATINGS 


| Limits | 
Parameter Symbol! | Condition nit 
| MSM80C85A-2 RS MSM80C85A-2GS | MSM80C85A- 2JS 


U 
Power Supply Voltage —0.5~ +7 yey 
Input Voltage ed Si — 0.5~ Vee +0.5 Fev | 
_| Output Voltage ‘| VouT | _ 70.5~Vcc +0.5 . veo 


Storage Temperature | Tsta | * —55~ +150 




















<|< 








< 









oO 






OPERATING RANGE 


° 
Cc 










Operating Temperature Top —40 ~ +85 . 








RECOMMENDED OPERATING CONDITIONS 


RESET IN 
Input Voltage 


RESET IN 
Input Voltage 





ae ee 


ee Lad 





D.C. CHARACTERISTICS 


Symbo 


10H = —400UA 
sit Guesaevciies 
10H = —40UA 


: Output Leak Current ILO 0<VouT<Vcc 


VOL 
VOH 
» Tcyc = 200ns 
; ~1| Cz = OpF at reset 
ce Tcyc = 200ns 
‘Cy = OpF at power 


down mode 












Vcc =4.5V ~ 5.5V 
Ta = —40°C ~ +85°C 






Operating Supply 
Current 
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= CPU-MSM80C85A-2RS/GS/JSa 


A.C. CHARACTERISTICS 
(Ta = —40°C ~ 85°C, Vcc = 4.5V ~ 5.5V) 


CLK Cycle Period | tere | | 
CLK Low Time 


CLK High Time 
CLK Rise and Fall Time 
X, Rising to CLK Rising 



















Unit 


tr, tf 
tXKR 
X, Rising to CKK Falling iXKF 


120 





Aa ~15 Valid to Leading Edge of Control (1) tac 


















‘Ay ~> Valid to Leading Edge of Control 

Ao ~15 Valid Data In tap 330 
Address Float After Leading Edge of RD INTA taFR 

Ag ~15 Valid Before Trailing Edge of ALE (1) tAL 

Ao ~7 Valid Before Trailing Edge of ALE 

READY Valid from Address Valid tARY 

Address (As ~;5) Valid After Control tc 


- 
i?) 


5 
é 
a ioe 


Width of Control Law (RD, WR, INTA) Cc 
: 
Data Valid to Trailing Edge of WR 
HLDA to Bus Enable 
Bus Float After HLDA 
HLDA Valid to Trailing Edge of CLK 
HOLD Hold Time 
HOLD Step Up Time to Trailing Edge of CLK 
INTR Hold Time 
INTR, RST and TRAP Setup Time to Falling Edge of CLK tins 
Address Hold Time After ALE tla 
ALE Low During CLK High tLcK 
ALE to Valid Data During Read tLDR 
ALE to Valid Data During Write tLDW 
ALE Width 
ALE to READY Stable 
Trailing Edge of RD to Re-enabling of Address 
RD (or INTA) to Valid Data 











tHABF 
THACK 


tcyc = 200ns 
C. = 150pF 











ad 




















250 













"LRY 











Control Trailing Edge to Leading Edge of Next Control 
Data Hold Time After RD INTA (7) 
READY Hold Time 


Bi 
< 


- 
rc 
Cc 





tRYH 








READY Setup Time to Leading Edge of CLK 
Data Valid After Trailing Edge of WR 
LEADING Edge of WR to Data Valid 


tRYS 











tWOL 


Notes: (1) Ag~Ajs address Specs apply to 10/M, So, and S; except Ag~Ais are undefined during T4~Tg of OF 
cycle whereas |O/M, Sg, and Sy are stable. 
(2) Test conditions: tcyc = 200ns C, = 150pF 
(3) For ail output timing where Cy = 150pF use the following correction factors: 
25pF < CL < 150pF: —0.10ns/pF 
150pF < CL < 300pF: +0.30ns/pF 
(4) Output timings are measured with purely capacitive load. 
(5) All timings are measured at output voltage Vi = 0.8V, Vy = 2.2V, and 1.5V with 10ns rise and fall time 
on inputs. ‘ 
(6) To calculate timing specifications at other values of tcyc use Table 7. 
(7) Data hold time is guaranteed under al! loading conditions. 


Input Waveform for A.C. Tests: 
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Table 7 Bus Timing Specification as a Tcyc Dependent: | 


(Ta = —40°C ~ +85°C, Vcc = 4.5V ~ 5.5V, Cy, = 150pF) 


MSM80C85A-2 | 
a (wait — 
= a 
tLe . 












Pau 


(1/2)T — 40: 


Pwo | = | wan-<o | win 
—M 





rss [Max 
Ce 
ee 
ee 
: 


Note: N is equal to the total WAIT states. 
T=tcye | 






- 
< 
> 
oo 
m 


MIN 
MAX 
MAX 
MAX 
MAX 

AX 

AX 





X, INPUT 


CLK. 


OUTPUT —/| 


tXKR 





Figure 6 Clock Timing Waveform 
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es CPU MSM8OC85A-2RS/GS/JSO 


READ OPERATION 


ADDRESS 


RDINTA 





WRITE OPERATION 


K- tic | 
As~Ais a ADDRESS 
ee ee 


abe aoe ( DATA OUT 
: twD 


S 
a hs tLA tow 


tWDOL 


ceo CL 


foe 
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m CPU-MSM80C85A-2RS/GS/JSa 


Read operation with Wait Cycle (Typical) — 
‘same READY timing applies to WRITE operation 


tAD - tRDH 


tRD 
tcc 
tCL 
t 
tac LR 
TARY 
READY 





Note: READY must remain stable during setup and hold times. 


Figure 7 MSM80C85A-2 Bus Timing, With and Without Wait 


HOLD OPERATION 


— 





THOLD 





T2 T3 , 
oe — 
(ADDRESS | 
CONTROLS) - 





Figure 8 MSM80C85A-2 Hold Timing 
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BUS FLOATING (1) > 


r 


UNS tiINH 


HOLD 





Note: (1) 10/M is also floating during this time. 





Figure9 MSMS80C85A-2 Interrupt and Hold Timing 
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Table 8 Instruction Set Summary 


Clock (2) 
Cycles 





2: Instruction Code (1) 
Description ag 
| 7 Ds Ds Da Dz Dz Dy, 


| MOVE, LOAD, AND STORE 





MOVr1 r2 
MOV Mr 
MOV rM 
MVIr . 
“MVIM 
LXItB 
LXtD 
LX! H 
LXI SP 
| STAXB 
STAX D 
LDAX B 
LDAX D 
STA 
LDA 
SHLD 
‘LHLD 
XCHG 


STACK OPS 


PUSH B 
PUSH D 
PUSH H 
PUSH PSW 
POP B 
POP D 
POP H 
POP PSW 
XTHL 
SPHL 
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‘Move register to register 
‘ Move register to memory 


Move memory to register 

Move immediate register 

Move immediate memory 

Load immediate register Pair B & C 
Load immediate register Pair D & E 
Load immediate register Pair H & L 
Load immediate stack pointer 
Store A indirect | 

Store A indirect 

Load A indirect 

Load A indirect 

Store A direct 

Load A direct 

Store H & L direct 

Load H & L direct 


Exchange D&EH & L registers 


Push register Pair B & Con stack — 
Push register Pair D & E on stack 
Push register Pair H & L on stack 
Push A and Flags on stack 

Pop register Pair B & C off stack 
Pop register Pair D & E off stack 
Pop register Pair H & L off stack 
Pop A and Flags off stack 
Exchange top of stack H & L 

H & L to stack pointer 


Jump unconditional 
Jump on carry 

Jump on no carry 

Jump on zero 

Jump on no zero 

Jump on positive 

Jump on minus 

Jump on parity even 
Jump on parity odd 

H & L to program counter 


Call unconditional 
Call on carry 

Call on no carry 
Call on zero 


- Call on no zero 


Call on positive 
Call gn minus 

Call on parity even 
Call on parity odd 


wh ob at ab ath at aft aft ot oe 


amt = af =f ath att ot = od 


-oaodococoeoeo0o0cooooo0oo0o0°co9cjeo 


mt xi «of wh ot = af at od od 


ab wah at ad ow ott etl elle 


es wh aed ott ot w= = = | 


“ODOO000DCCCC0OCCOC0OO == a 


= sw 2 = O O00 © 


a 2a = = ws ©O OO OO O 


COOm=4204-0204-0-00-050 


ooonr7 37002 + 0 


oo}-/00- —- 0 


-O-"-O-"07020 


-O--=0O0-0-=0 


-"-=-O = 07-7 000000 00 0 070~7 


-oo000 0 0 00 0 


= edt af at ot oh = ot od 


oooo0coooqooqooqooqo 9] o0o--+a”%Nn 


oooooooo°”jo 


ooooqooqoqo2r2e2e- 


Oo- 00000000 


CO wm @ we w@ we 2 ww = = 


-— =2@ 2B aA wr wre ae Be OOOO =] = = YON 


=_ aw =e ot ot ot = = = = 


oeoooo0o0o0o°9c 3° 


m"ooocodcoo0oo0orefr+-/0 000M 


ecoocOoCOooOoO8 


pq ooo0co0o0o0c= 
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Table 8 Instruction Set Summary cont’d 


: Instruction Code(1) | | 
| Description Clock (2) 
D, Ds Ds Ds D3 Dz Dy Do Cycles 


RETURN 





RET 
RC 

/ RNC 
RZ 
RNZ 
RP 
RM 
RPE 
RPO 


Return 

Return on carry 
Return on no carry 
Return on zero 
Return on no zero 
Return on positive 
Return on minus 
Return on parity even 
Return on parity odd 


—_— =| = = = = = =) | 


-_—2 — = wo = = = = 


=m-=-3--2Aco0000 
CO--3=00--0 


OeFeprd O_O = -« 


ooo 000000 


ooooqocooqo9qoo 


oooo0o0o0o°0coc= 








RESTART 
‘RST Restart 1 1 A A A 1 1 1 12 


INPUT/OUTPUT 


INCREMENT AND DECREMENT 


INRer 
DCR r 
INR M 
DCR M 
INX B 
INX D 
INX H 
INX SP 
DCX B 
DCX D 
DCX H 
DCX SP 


SUBTRACT 


SUB r 
SBB r 
SUB M 
SBB M 
SUI 
SBI 


Increment register 
Decrement register 
{ncrement memory 


Decrement memory 


Increment B & C registers 
Increment D & E registers 
Increment H & L registers 
Increment stack pointer 
Decrement B & C 
Decrement D & E 
Decrement H & L 
Decrement stack pointer 


Add register to A 

Add register to A with carry 
Add memory to A 

Add memory to A with carry 
Add immediate to A 

Add immediate to A with carry 
AddB&CtoH& L 
AddD&EtoH&L 
AddH&LtoH&L 

Add stack pointer toH & L 


Subtract register from A 

Subtract register from A with borrow 
Subtract memory from A 

Subtract memory from A with borrow 
Subtract immediate from A 

Subtract immediate from A with 


borrow 


ooo0oo0ooqo0ooo0o0o0cdo 3° 


Oooo°o = = =a a = = 


oooo0ooooqo0o°o0oo°o 


oooo}-,2/c0ce000 


-O-00-0-+-+-00 


-=-0O 0 00000 © 
-O}/}000000 0 


mpeer-000 00 000 


=_a = et a = CO = CO -— © 


eooo0oo0o0oe-2+ + 


oooos}?-]-2%0 


a ge Ee as ee ere Se 


oeoo0oo "2/20" 


2a = = =o ow = oe = = © = © 


--s-20000N NH 


AOOAANAAAAGCOA A 
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Table 8 Instruction Set Summary cont'd 


Description 
. D, De 









Instruction Code(1) 
D; D, D3; D, D, Do 





Clock(2) 
‘Cycles 















































LOGICAL | 
ANA r And register with A 1 0 1 0 oOo Ss § § 4 
“XRAr Exclusive Or register with A 1 0 1 0 1 Ss Ss § 4 
ORAr Or register with A | 1 0 1 14 0 8S § § 4 
- CMP r Compare register with A 1 0 1 1 1 Ss S S§. 4 
ANA M And memory with A 1 0 1 0 Oo 1 1 0) 7 
XRAM Exclusive Or Memory with A 4 0 1 0 1 1 1 0 7 
ORAM Or memory with A 1 #O 1 1 0 14 +4 =O 7 
CMP M Compare memory with A 1 0 1 1 1 1 1 0 7 
ANI And immediate with A | 1 1 1 0 oO 1 1 0 7 
XRI Exclusive Or immediate with A 1 rook -O: 4 1 1 O 7 
ORI Or immediate with A 1 1 1 1 0 1 1 0 7 
CPI Compare immediate: with A 1 1 1 1 1 1 1 0 7 


















ROTATE 







RLC Rotate A left 
RRC Rotate A right 
RAL Rotate A left through carry 


RAR | 
SPECIALS 


Rotate A right through carry 



















CMA Complement A : 
STC Set carry 

CMC Complement carry 

DAA Decimal adjust A 



















CONTROL 











El Enable Interrupts 

DI Disable Interrupts 
NOP No-operation 7 
HLT Halt (Power down) 
RIM Read Interrupt Mask 





SIM Set Interrupt Mask 


Notes: (1) DDD or SSS. B 000. C 001. D 010. E 011. H 100. L 101. Memory 110. A 111. 
(2) Two possible cycle times, (6/12) indicate instruction cycles dependent On condition flags. 
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OKI semiconductor 


MSM80C86RS/GS/JS. 
MSM80C86-2RS/GSJS 


16-BIT CMOS MICROPROCESSOR 














_ GENERAL DESCRIPTION 


The MSM80C86/MSM80C86-2 are complete 16-bit CPUs implemented in Silicon Gate CMOS technology. They 
are designed with same processing speed as the NMOS 8086/8086-2 but use considerably less power. They are 
directly compatible with MSM80C88/MSM80C88-2 software and MSM80C85A/MSM80C85A-2 hardware and peri- 
pherals. 


+ 


FEATURES 

@ 1 Mbyte Direct Addressable Memory Space e 8 and 16-bit Signed and Unsigned Arithmetic Operation 
© Internal 14 Word by 16-bit Register Set e 5 MHz Clock Rate (MSM80C86) 

@ 24 Operand Addressing Modes e 8 MHz Clock Rate (MSM80C86-2) 

© Bit, Byte, Word and String Operations @ Low Power Dissipation ,MAX 55 mA/MSM80C86 


( ) 


MAX 80mA/MSM80C86-2: 
CIRCUIT CONFIGURATION 


EXECUTION UNIT . BUS INTERFACE UNIT 


REGISTER FILE RELOCATION 
REGISTER FILE 


SEGMENT 
REGISTERS 
AND 
INDEX REGS INSTRUCTION 
(8 WORDS) POINTER 
(5 WORDS) 


BHE/S7 


A19/S6 
16BIT ALU : 


BUS A16/S3 
INTERFACE AD15 ~ ADO 
UNIT 


INTA, RD, WR, M/IO 


DT/R, DEN,ALE 


TEST 
INTR 
NMI CONTROL & 
RQ/GTO, 1 TIMING. 


HOLD 
HLDA 


CLK RESET READY MN/MX GND 
; Vcc 
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= CPU: MSM80C86RS/GS/JS MSM80C86-2RS/GS/JS »_—£@—______ 


PIN CONFIGURATION 


MSMS8O0C8ERS (Top View) 
MSMS80C86-2RS 
40 Lead Plastic DIP 


1 
2 
3 
4 
5 
6 
7 
8 
9 


a < 

8 — | 

= See 
sae & ER Ske 
Sf2RZpgssd een. 6 
22h Se@b2zzze@ 86 
Bias BaGcial aa 









Qso (ALE) 
asi (iNTA) 


TEST 


A18/S5 (143 
—At7/s4 (44 
| A16/S3 [145 

















RQ/GTO (HOLD) 
RQ/GT1 (HLDA) 
TOCK (WR) 

§2 (M/IO) 

$1 (DT/R) 

50 (DEN) 


Fig. 2a MSM80C86RS/MSM80C86-2RS 


| 


MSMS80C86GS (Top View) 
MSM80C86-2GS 
56 Lead Plastic Flat Package 










' ADi5 READY 
N.C. RESET 
Vee N.C. 
Vec N.C. 
| N.C. Vcc 
GND GND 
NC. N.C. 
AD14 N.C. 
AD13 C) CLK 
AD12 INTR 
AD11 2 3 4 5 6 9 NMI 
UL i b 
SpagagogaBeCEeRBESEB 
z¢t¢dcd@cqetczz¢qtcqcad Be ee ag 
Fig. 2b MSM80C86GS/MSM80C86-2GS see Se OO BESRS | 
qCateqdetqoso2zrdaqadd€d 
6 14 4: 
AD10Q7 O 39 DNC 


MSMS80C86UJS (Top View) . 
MSM80C86-2JS | 
44-pin Plastic Leaded Chip Carrier 
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38 1) A19/S6 

BHE/S7 

36 [) MN/MX 

‘RD 

RQ/GTO (HOLD) 
33] RO/GT1 (HLDA) 
32) LOCK (WR) 

3111 S2 (m/id) 

1 S1 (DT/F) 

291] SO (DEN) 






N 





)Qs1 


(ALE) QSO ff 


(INTA 


= CPU-MSM80C86RS/GS/JS MSM80C86-2RS/GS/JS a 


ABSOLUTE MAXIMUM RATINGS 


Limits 
MSM80C86-2RS | MSM80C86-2GS | MSM80C86-2JS 


OPERATING RANGE 
















With respect 
to GND 




















. Limits 
Parameter Symbol Unit 
. MSM80C86 MSM80C86-2 


RECOMMENDED OPERATING CONDITIONS 


MSM80C86 MSM8 
Parameter 


OC86-2 
ww [ve [wax 
as [os 



















5 


Operating Temperature | 485 | 
‘| “L" Input Voltage 


“H" Input Voltage 


a 
ena 0 
— 22 


4 
3 






MAX 
+85 
Vcc +0.5 
Vcc +0.5 


*4 Only CLK, *2 Reset & Ready, *3 Except CLK, Reset and Ready 





DC CHARACTERISTICS 
(Vcc = 4.5V to 5.5V, Ta = -40°C to +85°C) 


OH 











IOH = -2.5mA 
1IOH = -100 uA 


MA 0<Vi<Vcc 
BA 0<Vo<Vcc 
TCLCL = 200 ns 
Reset Cycle 
mA 
TCLCL = 125 ns 
Reset Cycle 


+) + 
ats —_ 
a) 


T/ Us U. 
1) TY TT 









Operating Supply 
Current 


Output Capacitance 
1/O Capacitance 


-*4, Test Conditions: a) Freq = 1 MHz. 
b) Ummeasured Pins at GND. 
c) Vij at 5.0V or GND. 


* 
& 


NO 


Oo 
QO 
s < 
7) Zz) 
< <= 
00 00 
s) s) 
'?) O 
00 00 
o ro) 
N 
else e |e 
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= CPU: MSM80C86RS/GS/JS MSM80C86-2RS/GS/JS sa 


A.C. CHARACTERISTICS © 


(MSM80C86: Vcc = 4.5V to 5.5V, Ta = -40°C to +85°C) 
- (MSM80C86-2: Vcc = 4.75V to 5.25V, Ta = 0°C to 70°C) 


Minimum Mode System 
Timing Requirements 


ce ms a 2 


CLK Cycle Period TCLCL 
CLK Low Time _ TCLCH 
CLK High Time TCHCL 
CLK Rise Time (From 1.0V to 3.5V) | TCH1CH2 
CLK Fall Time (From 3.5V to 1.0V) | TCL2CL1 
Data in Setup Time TDVCL 
Data in Hold Time ‘TCLDX 


RDY Setup Time into MSM 82C84A 
(See Notes 1, 2) 


RDY Hold Time into MSM 82C84A 
(See Notes 1, 2) 


READY Setup Time into MSM 80C86. | TRYHCH 
READY Hold Time into MSM 80c86. | TCHRYX 
READY inactive to CLK (See Note3) | TRYLCL 
HOLD Setup Time THVCH 


INTR, NMI, TEST Setup Time 
(See Note 2) 


Input Rise Time (Except CLK) 
(From 0.8V to 2.2V) 


Input Fall Time (Except CLK) 
(From 2.2V to 0.8V) 


TRIVCL 


TCLR1X 


TINVCH 
TILIH 


TIHIL 





Timing Responses _ 


Address Valid Delay | TCLAV | — 
Address Hold Time TCLAX 10 10 
Address Float Delay | TCLAZ | TCLAX TCLAX 
ALE Width | TLHLL | TCLCH-20 TCLCH-10 
ALE Active Delay TCLLH 

ALE Inactive Delay TCHLL 

Address Hold Time to ALE Inactive TLLAX | TCHCL-10 TCHCL-10 


Data Valid Delay . | TCLDV | 10 10 
Data Hold Time . TCHDX 10 10 


Data Hold Time after WR | TWHDX_ | TCLCH-30 TCLCH-30 
Control Active Delay 1 | Tevctv | 10 | 10 
Control Active Delay 2 TCHCTV 10 ~ 10 

, Control Inactive Delay TCVCTX 10 7 10 
Address Float to RD Active TAZRL 0 | 0 
RD Active Delay TCLRL i0 ©6| 165 «|. 10 
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co ee MSM80C86-2 
Parameter Symbol [Min Max. Unit 


RD Inactive Delay TCLRH ee —- 10 80 
TRHAV | TCLCL-45 TCLCL-40 
TCLHAV 10 10 
TRLRH |2TCLCL-75 2TCLCL-50 
TWLWH_ |2TCLCPL-60 2TCLCL-40 
TAVAL | TCLCH-60 TCLCH-40 
TOLOH 
TOHOL 








RD Inactive to Next Address Active 
HLDA Valid Delay 
RD Width 
WR Width 
Address Valid to ALE Low 
Output Rise Time (From 0.8V to 2.2V) 
Output Fall Time (From 2.2V to 0.8V) 










































Notes: 1. Signals at MSM82C84A shown for reference only. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T2 state. (8 ns into T3) 
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= CPU: MSM80C86RS/GS/ JS MSM80C86-2RS/GS/JSua 


Maximum Mode System (Using the MSM 82C88 Bus Controller) 
‘Timing Requirements 


Parameter Symbol Unit 








CLK Cycle Period 

CLK Low Time | 

CLK High Time 

CLK Rise Time (From 1.0V to 3.5V) 
CLK Fall Time (From 3.5V to-1.0V) 


Data in Setup Time 
Data in Hold Time 


RDY Setup Time into MSM 82C84A 
(See Notes 1, 2) 


RDY Hold Time into MSM 82C84A 
(See Notes 1, 2) 


READY Setup Time into MSM 80C86 
READY Hold Time into MSM 80C86 
READY inactive to CLK (See Note 3) 


Set up Time for Recognition (NMI, 
INTR, TEST) (See Note 2) 


RQ/GT Setup Time 
RO Hold Time into MSM 80C86 


Input Rise Time (Except CLK) 
(From 0.8V to 2.2V) 


Input Fall Time (Except CLK) 
(From 2.2V to 0.8V) 


_ Timing Responses 


Command Active Delay (See Note 1) 
Command Inactive Delay (See Note 1) 


READY Active to Status Passive 
(See Note 4) 


Status Active Delay 

Status Inactive Delay 

Address Valid Delay 

Address Hold Time 

Address Float Delay 

Status Valid to ALE High (See Note 1) 
Status Valid to MCE High (See Note 1) 
CLK low to ALE Valid (See Note 1) — 
CLK Low to MCE High (See Note 1) 
ALE Inactive Delay (See Note 1) 


MCE Inactive Delay (See Note 1) 
Data Valid Delay | 
Data Hold Time 


TCLCL 
TCLCH 
TCHCL 


TCH1CH2. 


TCL2CL1 
TDVCL 
TCLDX 


TRIVCL 


TCLR1X 


TRYHCH 
TCHRYX 
TRYLCL 


* TINVCH 


TGVCH 
TCHGX 


— TILIH 


TIHIL 


TCLML 


~ TCLMH 


TRYHSH 


TCHSV 
TCLSH 
TCLAV 
TCLAX 
TCLAZ 
TSVLH 
TSVMCH 
TCLLH 
TCLMCH 
TCHLL 
TCHMCL 
TCLDV 
TCHDX 


a oe a 2 


MSM80C86 ae 2 
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: MSM80C86 ~ wsmgoces-2 
es yep [min [Max | Min. [Max | 


Control Active Delay (See Note 1) TCVNV 5 





Control Inactive Delay (See Note 1) TCVNX 5 
Address Float to RD Active TAZRL 0 
RD Active Delay TCLRL 10 
RD Inactive Delay TCLRH 10 
RD Inactive to Next Address Active TRHAV | TCLCL-45 TCLCL-40 


Direction Control Active Delay 


(See Note 1) Teer 


Direction Control Inactive Delay 


(See Note 1) Tone 


GT Active Delay TCLGL 0 


GT Inactive Delay TCLGH 0 


RD Width TRLRH_ |2TCLCL-75 2TCLCL-50 
Output Rise Time (From 0.8V to 2.2V) TOLOH 
Output Fall Time (From 2.2V to 0.8V) TOHOL 


Notes: Signals at MSM 82C84A or MSM 82C88 are shown for reference only. 


Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
Applies only to T2 state (8 ns into T3) 
Applies only to T3 and wait states. 


ON > 
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TIMING CHART 


Input/Output : . A.C. Testing Load Circuit 


DEVICE 
UNDER. 
TEST 


1.5 +— TEST POINTS — 1.5 


“= CL= 


0.45 
T— 100pF 
A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC a | 
4" AND 0.45V FOR A LOGIC “0 TIMING MEASUREMENTS 
ARE 1.5V FOR BOTH A LOGIC “1” AND “0” CL INCLUDES JiG CAPACITANCE 





Minimum Mode 


T2 T3 
TCH1CH2 TCL2CL1 Tw 


VIH 
CLK (MSM 82C84A Output) 
VIL“ TCHCTV 


TCHDX 


BHE/S7,A19/S6-A16/S3 | | | s7-83 yo 


aa ——— 
Te 
TAVAL 


-TRIVCL 


RDY (MSM 82C84A Input) Ne | UNIN 


SEE NOTE 5 


READY (MSM 80C86 Input) 


READ CYCLE a 


— 


AD15- (“AD15-AD0 ) ( DATAIN IN 


AD15- apo) sid) 
YFLOAT 
caer, t— 
(NOTE 1) a= = 
ee TCHCTV 
(WR, INTA=Voy) - vera 
DT/R 
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Minimum Mode (Continued) 


T1 T2 


TCLCL TCH1ICH2 TCL2CL1 


VIH 
CLK (MSM 82C84A Output) 
VIL 


—[Tenpt 
wio | |X |__| 


reLav ca 


BHE/S7,A19/S6 ~ A16/S3 Poy BHE, A19-A16 ‘ie 


i” yh pei 
TAVALF 


HLL TCLDV 
WRITE CYCLE CHL TCLAX TCHDX 


(| ATA out ace 


TCVCTX 
(NOTE 1) 


(RD, INTA, 
DT/R =VOH) ~ 
TWLWH- 


INTA CYCLE 


AD15-ADO rove 
FLOAT 
“oe TCHCTV 


Taal P 
Se i/o 
a on 


ADis~Apo | ) RESS 
SOFTWARE HALT- INVALID ADDRES SOFTWARE HALT 





RD, WR, INTA = VOH TCLAV — 
DOT/R = INDETERMINATE 
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Maximum Mode 


_ Tonicne aan 


VIH 
CLK (MSM 82C84A output) 


VIL 
TCLAV aa ——r0 LCH 


0s0,as1 SE 


$2,S1,S0 (EXCEPT HALT) 
ana 


BHE/S7,A19/S6~ A16/S3 . [XaeweeXt [ss tT 


TSVLH-? 
ALE (MSM TCLLH en 
82C88'OUTPUT) 8 / 


SEE NOTE 5 let TRIVCL 


(akc ca I a | ANNAN ANNAN 


TCLR1X 


Oe a i 


READY (MSM 80C86 
INPUT) — 


READ CYCLE 
AD15-ADO 





TRHAV 


a onal oe 
TCHDTL — 7 TRLRH = TCHDTH 


AD15-ADO a DATA IN 
AFLOAT, FLOAT 
TAZRL 


MSM 82C88 
OUTPUTS 
SEE NOTES 5, 6 
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- Maximum Mode (Continued) 


T1 T3 
Tw 


CLK (MSM 82C84A es \ 
VIL 
TCLSH 


S2, S1, SO (EXCEPT HALT) aes (See note 8) \. 


WRITE CYCLE TCLAV . LCLDOV TCHDX 


AD15 ~ ADO iD rp a Y 


| TEVNX 


, DEN | 
MSM 82C88 | oe TCLMH seal 
OUTPUTS. a A 
SEE NOTES5,6 AMWC OR AIOWC | | |? 


TCLMH 


MWTC OR IOWC 
INTA CYCLE 
~ ma pe 


AD15 ~ ADO FLOAT 
SEE NOTE 3,4 TCLDX 


i. 
TSVMCH 
ica 


PDE eee 
TCLMCH TCHDTH 


DT/R 
MSM 82C88 
OUTPUTS 
SEENOTES5,6 9S intaA 





DEN 
SOFTWARE HALT — 
(DEN=Vo_: RD, MRDC, |ORC, MWTC, 
AMWC, IOWC, AIOWC, INTA,=VoH) | 
AD15 ~ ADO | XK INVALID ADDRESS 


TCLAV 





Notes: All signals switch between VOW and Vo, unless otherwise specified. 

RDY is sampled near the end of T2,T3,Tw to determine if Tw machines states are to be inserted. 

Cascade address is valid between first and second INTA cycle. 

Two INTA cycles run back-to-back. The MSM 80C86 LOCAL ADDR/DATA BUS is floating during both INTA 
cycles. Control for pointer .address is shown for second INTA cycle. . 

Signals at MSM 82C84A or MSM 82C88 are shown for reference only. 

The issuance of the MSM 82C88 command and control signals (MRDC,MWTC,AMWC,IORC,|OWC,AIOWC, 
INTA and DEN) lags the active high MSM 82C88 CEN. | 

7. All timing measurements are made at 1.5V unless otherwise noted. 


8. Status inactive in state just prior to T4. 


ne od res 


Oo 
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m CPU- MSM80C86RS/GS/JS MSM80C86-2RS/GS/JS a 


Asynchronous Signal Recognition 


CLK \ \ 
TINVCH (SEE NOTE 1) 


SIGNAL 


NOTE: 1. SETUP REQUIREMENTS FOR ASYNCHRO- 
NOUS SIGNALS ONLY TO GUARANTEE RECOGNITION 
AT NEXT CLK 





Bus Lock Signal Timing (Maximum Mode Only) Reset Timing 


ANY CLK CYCLE ANY CLK CYCLE | |--> 50 uSEC 


TCLAV 


>4 CLK CYCLES 





Request/Grant Sequence Timing (Maximum Mode Only) 





Any CLK Cycle 


> OCLK Cycle 
- > TCLCL © 


TCLGL PULSE 3 
| COPROCESSOR 


PULSE 2 RELEASE 


‘RO/GT. 80C86 GT 


AD15 ~ ADO COPROCESSOR 
A19/S6~ A16/S3 RO 


MSM 80C86 COPROCESSOR 


(SEE NOTE 1) 
1. The coprocessor may not drive the buses outside the region shown without risking contention. 


1 or 2 CYCLES 


HLDA 
1 | 


TCLAZ 
—_—_—_——————— el 


AD15~ ADO 
i MSM 80C86 
A19/S6~ A16/S3, COPROCESSOR MSM 80C86 


RD, 
BHE/S7, M/IO, - 
DT/R, WR, DEN 
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PIN DESCRIPTION 


ADO — AD15 
ADDRESS DATA BUS: Input/Output 

These lines are the multiplexed address and data 
bus. 

These are the address bus at T1 cycle and the data 
but at T2, T3, TW and T4 cycle. 

At T1 cycle, ADO low indicates Data Bus Low (DO 
— D7) Enable. These lines are high impedance during 
interrupt acknowledge and hold acknowledge. 


A16/S3. A17/S4, A18/S5, A19/S6 
ADDRESS/STATUS: Output 

These are the four most significant addresses, at 
the T1 cycle. Accessing the 1/O port address, these are 
low at T1 cycle. These lines are Status lines at T2, T3. 
TW and T4 cycle. S3 and S4 are encoded as shown. 


’ Characteristics 
Alternate Data 


Code or None 


These lines are high impedance during hold 
acknowledge. . 










BHE/S7 
BUS HIGH ENABLE/STATUS: Output 
This line indicates Data Bus High Enable (BHE) at 


the T1 cycle. 
This line is the status line at the T2, T3, TW and 
T4 cycle. . 


This line is high impedance during hold acknow- 
ledge. 


RD 
READ: Output . 

This line indicates that the CPU is in memory or 
1/O read cycle. 

This tine is the read strobe signal when CPU reads 
data from memory or an !/O device. 

This line is active low. 

This line is high impedance during hold acknow- 
ledge. 


READY 
READY: Input 

This line indicates to the CPU that the addressed 
memory or I/O device is ready to read or write. 

This line is active high. 

If the setup and hold time is out of specification, 
illegal operation will occur. 


= CPU-MSM80C86RS/GS/JS MSM80C86-2RS/GS/JSa 


INTR 
INTERRUPT REQUEST: Input 
This line is a level triggered interrupt request signal 
which is sampled during the last clock cycle of instruc- 
tion and string manipulation. | 
It can be internally masked by software. 
This signal is active high and internally synchro 
nized. 


TEST 

Test: Input 
This line is examined by a WAIT instruction. 
When TEST is high, CPU enters idle cycle. 
When TEST is low, CPU exits idle cycle. 





NMI 
NON MASKABLE INTERRUPT: Input 

This line causes a type 2 interrupt. 

NMI is not maskable. 

This signal is internally synchronized and needs a 
2 clock cycle pulse width. 


RESET 


RESET: Input . 
This signal causes the CPU to initialize immediately. 
This signal is active high and must be on for at least 
four clock cycles. 


CLK 
CLOCK: Input 

This signal provides the basic timing for the inter- 
nal circuit. 


MN/MX 
MINIMUM/MAXIMUM: Input 

This signal selects the CPU’s operate mode. 

When Vcc is connected, the CPU operates Mini- 
mum mode. 

When GND is connected, the CPU operates Maxi- 
mum mode. 


_Vec 


Vcc: 
+3 — +6V supplied. 


GND 
GROUND: 


The following pin function descriptions are for 
maximum mode only. 
Other pin functions are already described. 


$0, $1, S2 
STATUS: Output 

These lines indicate bus status and are used by the 
MSM82C88 Bus Controller to generate all memory and 
1/O access control signals. 

These lines are high impedance during hold 
acknowledge. 

These status lines are encoded as shown. 
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Characteristics . 
Interrupt acknowledge 


Ge ee 
Hones 
i 
a 
Oo 
ae 


Write 1/O Port 





2 
a Read 1/0 Port 





Code Access 


|0 [0 | 
Fo | 1 | Read Memory 
ia hes 
cake 


Write Pemnely 


Passive 








RO/GTO 
RQ/GT1 
REQUEST/GRANT: Input/Output 
These lines are used for Bus Request from other 
device and Bus GRANT to other deivce. 
These lines are bidirectional and active low. 


LOCK 
LOCK: Output . 

This line is active low. - 

When this line is low, other device can not gain 
control of the bus. ; 

This line is high impedance during hold acknow- 
ledge. 


QS0/QS1 
QUEUE STATUS: Output 

These lines are Queue Status that indicate internal 
instruction queue status. 


|_as1__| aso 


Characteristics 
No Operation 


First Byte of Op Code from 
Queue 


Empty the Queue 


Subsequent Byte from Queue 


The following pin function descriptions are for 
minimum mode only. Other pin functions are already 
described. 


M/1IO 
STATUS: Output 
- This line selects memory address space or !/O 
address space. 
When this line is high, the CPU selects memory 
address space and when it is low, the CPU selects I/O 
address space. | 


This line is high impedance during hold acknow- 
ledge. 
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WR OC, 
WRITE: Output 

This line indicates that the CPU is in SmEOrY or 
1/O write cycle. 

This line is a write strobe signal when the CPU 
writes data to amemory or I/O device. 
This line is active low. 
This line is high impedance during hold acknow- 
ledge. : 


INTA 

INTERRUPT ACKNOWLEDGE: Output 

This line is a read strobe signal for the cage 
acknowledge cycle. 

This line is active low. 


ALE 
ADDRESS LATCH ENABLE: Output 

This line is used for latching an address into 
MSM82C12 address latch. It is a positive pulse and the 
trailing edge is used to strobe the address. This line is 
never floated. . 


-DT/R 


DATA TRANSMIT/RECEIVE: Output 

This line is used to control the direction of the bus 
transceiver. 

When this line is high, the CPU transmits data, and 
when it is low, the CPU receives data. 

This line is high impedance during hold acknow- 
ledge. 


DEN 


DATA ENABLE: Output 

This line is used to control the output enable of 
the bus transceiver. 

This line is active low. This line is high impedance 
during hold acknowledge. 


HOLD 
HOLD REQUEST: Input 
This line is used for Bus Request from another 
device. 
This line is active high. 


HLDA 

HOLD ACKNOWLEDGE: Output 
This line is used for Bus Grant to other device. 
This line is active high. 
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FUNCTIONAL DESCRIPTION 


GENERAL OPERATION 

The internal function of the MSM80C86 consists 
of a Bus Interface Unit (BIU) and an Execution Unit 
(EU). These units operate mutually but perform as 
separate processors. 

BIU performs instruction fetch and queueing, 
operand fetch, DATA read and write address relocation 
and basic bus control. By using instruction pre-fetch 
while waiting for decording and execution of instruction 
the CPU’s performance is increased. Up to a 6-byte in- 
struction stream can be queued. 

The EU receives pre-fetched instructions from the 
BIU queue, decodes and executes the instructions and 
provides an un-relocated operand address to the BIU. 


MEMORY ORGANIZATION 
The MSM80C86 has a 20-bit address to memory. 


Each address has an 8-bit data width. Memory is orga- 
nized OOOOOH to FFFFFH and is logicaly divided into 


Memory Organization 


SCF FFFFH 


ODE 
SEGMENT 


XXXX0OH 


TACK 
+OFFSET SEGMENT 


SEGMENT 
REGISTER FILE 


DATA 
SEGMENT 


EXTRA DATA 
SEGMENT 





four segments: code, data, extra data and stack seg- 
ment. Each segment contains up to 64 Kbytes and 
locates on 16-byte boundaries. 

All memory references are made relative to a seg- 
ment register according to a select rule. A word operand 
can be located on an even or odd address boundary. . 

BIU automatically performs the proper number of 
memor¥ accesses. Memory consists of even address 
and odd addresses. Byte data of even address is trans- 
ferred on Do — D7 and byte data of add address is trans- 
ferred on Dg — Dis. 

The CPU provides two enable signals, BHEand AO, 
to access either an odd address, even address or both: 

Memory location FFFFOH is the start address after 
reset, and OOOOOH through OO3FFH are reserved for 
an interrupt pointer, 256 types interrupt pointers are 
available. 

Each interrupt type has a 4-byte pointer element 
consisting of a 16-bit segment address and a 16-bit off- 
set address. , 


Reserved Memory Locations 





RESET BOOTSTRAP 
PROGRAM JUMP 


FFFFFH 


FFFFOH 


INTERRUPT POINTER 
FOR TYPE 255 


INTERRUPT POINTER 
FOR TYPE 1 


INTERRUPT POINTER 
FOR TYPE 0 
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Memory Segment Register 
Reference Need Used 


CODE (CS) Automatic with all instruction prefetch 


Stack STACK (SS) All stack pushes and pops. Memory references relative to 
. | BP base register except data references. 







MINIMUM AND MAXIMUM MODES 

The MSM80C86 has two system modes: minimum 
and maximum. When using maximum mode, it is easy to 
organize a multi-CPU system with an 82C88 Bus Con- 
troller which generates the bus control signals. 

When using munimum mode, it is easy to organize 
a simple system by generating bus control isgnal itself. 

MN/MX.is the mode select pin. Definition of 24-31 
pin changes depend on the MN/MX pin. 


BUS OPERATION 


MSM80C86 has a time multiplexed address and — 


data bus. If non-multiplexed bus is desired for the 
system, it is used only to add the address latch. 

CPU bus cycle consists of at least four clock cycles. 
T1, T2, T3 and T4. (Fig. 4) | 

The address output occurs during T1, and data 
transfer occurs during T3 and T4. T2 is used for chang- 
inf the direction of the bus at the read operation. When 
the device which is accessed by the CPU is not ready for 
data transfer, and sends ‘‘NOT READY”’ to the CPU, 
TW cycles are inserted between T3 and T4. 

When a bus cycle is not needed, T1 cycles are 


inserted between the bus cycles for internal execution. ° 


At the T1 cycle, an ALE signal is output from the CPU 
or MSM82C88 depending on MN/MX. At the trainling 
edge of ALE, a valid address may be latched. 
Status bits SO, S1 and S2 are used in maximum 
mode by the bus controller to recognize the type of bus 
~ Operation according to the following table. 


Characteristics 
nterrupt acknowledge 
ead 1/0 
Write |1/O 


Instruction Fetch 


ead Data from Memory 


ite Data to Memory 


assive (no bus cycle) 


86 


Segment 
Selection Rule 


Local Data DATA (DS) Data references when relative to stack destination of str- 
ing Operation, or explicitly overridden 


External (Global) Data EXTRA (ES) Destination of string operations: Explicitly selected us- 
. | ing a segment overriden. 










Status bits $3 through S7 are multiplexed with 
A16 ~ A19, and BHE. Therefore they are valid during 
T2 through T4. 

S3 and S4 indicate which segment register was 
selected on the bus cycle, according to the following 
table. 


0 (LOW) 


$3 
ES 
0 Ee 
9 | 
Ee 







Characteristics | 
Alternate Data (Extra segment) 


Stack ; 


cae 


S5 indicates interrupt enable Flag. 










‘1/0 ADDRESSING 


MSM80C86 has 64 Kbyte !/O or 32 Kword 1/O. 
When the CPU accesses an 1/O device, address AO ~ A15 
are the same format as a memory access, and A16 ~. 
A19 are low. 

1/O port addresses are the same as memory, so it is 
necessary to be careful when using 8-bit peripherals. 
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Basic System Timing 


(4 + N*WAIT) = TCY (4 + N*WAIT) = TCY:- 
T1 | T2 | T3 brwair| T4 | 71 | T2 | 13 [wait] T4 | 


GOES INACTIVE IN THE STATE 
JUST PRIOR TO T4 


BHE, A19—A16 


ADDR/ 
STATUS 


BUS RESERVED D15—D0 
FOR DATA IN VALID 


ADDR/DATA 


READY 


th | ML 


WAIT WAIT 





MEMORY ACCESS TIME 
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EXTERNAL INTERFACE 


RESET | | 

CPU Initialization is executed by the RESET pin. 
The MSM80C86‘s RESET High signal is required for 
greater than 4 clock cycles. 

‘The rising edge of RESET terminates the present 
Operation immediately. The falling edge of RESET 
triggers the internal reset sequence for approximately 
10 clock cycles. After the internal reset sequence is 
finished, normal. operation occurs from absolute loca- 
tion FFFFOH. 

INTERRUPT OPERATIONS 

Interrup operation is classified as softwarer or 
hardware, and hardware interrupt is classified as non- 
maskable or maskable. 

Interrupt causes a new program location, as 
defined an interrupt pointer table, according to interrupt 
type. Absolute ocations OOOOOH through OO3FFH are 
reserved for the interrupt pointer table. The interrupt 
pointer table consists of 256 elements. Each element is 


Interrupt Acknowledge Sequence 


| T1 | T2 | T3 | 74 fr} 11 


ALE 


LOCK 


INTA 


FLOAT 
ADO-—AD15 


INTERRUPT ACKNOWLEDGE 

During the interrupt acknowledge sequence, further 
interrupts are disabled. The interrupt enable bit is reset 
by any interrupt, after the Flag register is automatically 
pushed onto the stack. During the acknowledge 
sequence, the CPU emits the lock signal from T2 of first 
bus cycle to T2 of second bus cycle. At the second bus 
cycle, a byte is fetched from an external device as.a 


vector which identified the type of interrupt. This vec- 
tor is multiplied by four and as used as an interrupt 


pointer address. (INTR only) 

-- The Interrupt Return (IRET) instruction includes a 
Flag pop operation. which returns the original interrupt 
enable bit when it:restores the Flag. 


- HALT 

When the Halt instruction is executed, the CPU 
enters a Halt state. Interrupt request or RESET will 
force the MSM80C86 out ot the Halt state. 


88 





4 bytes in size and corresponds to an 8 bit type number 
which is sent from the interrupt request device during 
the interrupt asknowledge cycle. 


NON-MASKABLE INTERRUPT (NMI) 

The MSM80C86 has a Non-maskable Interrupt 
(NMI) which is of a higher priority than the maskable 
interrupt request (INTR). . 

The NMI request pulse width needs a minimum 
of 2 clock cycles. NMI will be serviced at the end of 
the current instruction or between string manipulations. 


MASKABLE INTERRUPT (INTR) 

The MSM80C86E provides an another interrupt 
request (INTR) which can be masked by software. 
IMTR is level triggered, so it must be held until the 
interrupt request is acknowledged. 

INTR will be serviced at the end of the current 
instruction or between string manipulations. 


| T2 | 73 | Ta [- 


TYPE 
VECTOR 


SYSTEM TIMING-MINIMUM MODE 
A bus cycle begins T1 with an ALE signal. The 


trailing edge of ALE is used to latch the address. From 


T1 to T4 the M/IO signal indicates a memory or 1/O 
operation. From T2 to T4, the address data bus changes 
from the address bus to the data bus. 

The read (RD), write (WR) and interrupt acknow- 
ledge (INTA) signal cause the addressed device to enable 
the data bus. These signals become active at the begin- 
ning of T2 and inactive at the beginning of T4. 





SYSTEM TIMING — MAXIMUM MODE 

At maximum mode, the MSM82C88 ‘Bus Con- 
troller is added to the system. The CPU sends status in- 
formation to the Bus Controller. Bus timing signals are 
generated by the Bus Controller. Bus timing is almost 
the same as in the minimum mode. 
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DATA TRANSFER 


MOV = Move: 

Register/memory to/from register 
Immediate to register/memory 
Immediate to register 

Memory to accumulator 
Accumulator to memory 
Register/memory to segment register 
Segment register to register/memory 


PUSH = Push: 


Register/memory 
Register 
Segment register 


POP = Pop: 


Register/memory 
Register 
Segment register 


XCHG = Exchange: 


Register/memory with register 
Register with accumulator 


IN = Input from: 


Fixed port 
Variable port 


OUT = Output to: 


Fixed port 
Variable port 
XLAT = Translate byte to AL 
LEA = Load EA to register 
LDS = Load pointer to DS 
LES = Load pointer to ES 
LAHF = Load AH with flags 
SAHF = Store AH into flags 
PUSHF = Push flags 

POPF = Pop flags 


a 2 = = = ae =a «] 


wt eft wm etd att ot ot = = — 


ooooor00 


Oo000--0-=- 


oonr7-7-"00 01 


oooo9o000o-- 


oooo - OO A 


-=-005 0-0 


= = = = © O=- O -— © 





a ah et ed a ott ok a ee low} 


_ 
g-a = 


o--0 


ooerH OOO = = 


76543 2 1 
mod reg r/m 


wi mod 0 0 O r/m 


data 
addr-low 
addr-low 


0'765 43 2 1 


data 

data if w=1 
addr-high 
addr-high 


0j7 6543 2 1 


data if w=1 


0 





=Sf'/SD/SHZ-98D08WSW Sf/SD/SY98DO0SNNSW-Ndd # 


ARITHMETIC - 


ADD = Add: 


Reg./memory with register to either 
Immediate to register/memory 
Immediate to accumulator 


ADC = Add with carry: 


Reg./memory with register to either 
Immediate to register/memory 
Immediate to accumulator 


INC = Increment: 


Register/memory 

Register 

AAA = ASCII adjust for add 
DAA = Decimal adjust for add 


SUB = subtract: 


Reg./memory and register to either 
Immediate from register/memory 
Immediate from accumulator 


SBB = Subtract with borrow: 


Reg./memory and register to either 
Immediate from register/memory 
Immediate from accumulator 


DEC = Decrement: 


Register/memory 
Register 
NEG = Change sign 


| CMP = Compare: 


Register/memory and register 
Immediate with register/memory 
Immediate with accumulator 
AAS = ASCII adjust for subtract 





data data if s:w = 01 
data if w= 1 


data data if s:w = 01 
dataif w=1 


data  dataif s:w=01 
data if w= 1 


data data if s:w = 01 
data if w= 1 


data data if s:w = 01 
data if w = 1 





=S/SD/SHZ-98D08WSN Sf/SO/SH98D08NSIN-Ndd # 


L6 


DAS = Decimal adjust for subtract 
MUL = Multiply (unsigned) 

IMUL = Integer multiply (signed) 

AAM = ASCII adjust for multiply 

DIV = Divide (unsigned) 


IDIV = Integer divide (signed) 

AAD = ASCII adjust for divide 

CBW = Convert byte to word 

CWD = Convert word to double word 


—_— =2 = = = = = = © 


oo. 2.242 2 — = © 
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LOGIC 


NOT = Invert 

SHL/SAL = Shift logical/arithmetic left 
SHR = Shift logical right © 

SAR = Shift arithmetic right 

ROL = Rotate left 

ROR = Rotate right 

RCL = Rotate left through carry 

RCR = Rotate right through carry 


AND = And: 


Reg./memory and register to either 
immediate to register/memory 
Immediate to accumulator 


x 


TEST = And function to flags, no result: 


Register/memory and register 
Immediate data and register/memory 
Immediate data and accumulator 


OR = Or: 


Reg./memory and register to either 
Immediate to register/memory 
Immediate to accumulator 


XOR = Exclusive or: 


Reg./memory and register to either 
Immediate to register/memory 
Immediate. to accumulator 


STRING MANIPULATION 


REP = Repeat . 
MOVS = Move byte/word - 
CMPS = Compare byte/word 


SCAS = Scan byte/word 
LODS = Load byte/word to AL/AX 
STOS = Store byte/word from AL/AX 


wt eat att af =o =e = = 


amb ab ab ae ah a ak owt 


OCOo00oo0o0o°0o = 


Oe ee a ee ee ee ee Y 





c0000000 
CO000000 = 


< < < < < < < om 


S$Ssss88585 


oooo --+- 0 


- =| ©Oo - oo —- 


= O- O— = CO O 


data 
data if w = 1 


data 
data if w = 1 


. data 
data if w= 1 


data 
data if w= 1 


dataifw=1- 


data if w = 1 


data if w= 1 


data if w= 1 
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CJMP = Conditional JMP 


JE/JZ = Jump on equal/zero 

JZ/JNGE = Jump on less/not greater or equal 
JLE/JNG = Jump on less or equal/not greater 
JB/JNAE = Jump on below/not above or equal 
JBE/JNA = Jump on below or equal/not above 
JP/JPE = Jump on parity/parity even 

JO = Jump on over flow 

JS = Jump on sign 

JNE/JNZ = Jump on not equal/not zero 
JNL/JGE = Jump on not less/greater or equal 
JNLE/JG = Jump on not less or equal/greater 
JNB/JAE = Jump on not below/above or equal 
JNBE/JA = Jump on not below or equal/above 
JNP/JPO = Jump on not parity/parity odd 
JNO = Jump on not overflow 

JNS = Jump on not sign 

LOOP = Loop CX times 

LOOPZ/LOOPE = Loop while zero/equal 
LOOPNZ/LOOPNE = Loop while not zero/equal 
JCXZ = Jump on CX zero 


INT = Interrupt: 


Type specified 

Type 3 

INTO = Interrupt on overflow 
IRET = Interrupt return 


PROCESSOR CONTROL 


CLC = Clear carry 

CMC = Complement carry 
STC = Set carry 

CLD = Clear direction 
STD = Set direction 

CLI = Clear interrupt 


STI = Set interrupt 


‘HLT = Halt 


WAIT = Wait 
ESC = Escape (to external device) 
LOCK = Bus lock prefix 


oleate 2k a 2 © oO Oo > > > 
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= CONTROL TRANSFER | | 
CALL = Call: | 765432107654321076543210 


Direct within segment 
Indirect within segment 
Direct intersegment 


Indirect intersegment 


JMP = Unconditional Jump: 


Direct within segment 
Direct within segment-short 
Indirect within segment 
Direct intersegment 


Indirect intersegment 


RET = Return from CALL: 


Within segment 


| Within seg. adding immediate to SP 


Intersegment 


Intersegment adding immediate to SP 


disp-low 


mod O 1 0 


offset-low 
seg-low 
Oo 1 1 


disp-low 

disp 

mod 1 0 0O 
offset-low 
seg-low 


data-low 


data-low 


disp-high 


offset-high 
seg-high 


disp-high 


offset-high 
seg-high 


data-high 


data-high | 





asf/ SD/SHZ-98908NSIN Sf/SD/SU98DOSWSW -Ndd © 





m CPU- MSM80C86RS/GS/JS MSM80C86-2RS/GS/JSma 


Footnotes: 


AL = 8-bit accumulator 

AX = 18-bit accumulator 

CX = Count register 

DS = Data segment 

ES = Extra segment 

Above/below refers to unsigned value 

Greater = more positive 

Less = less positive (more negative) signed value 

if d= 1 then ‘‘to”’ reg: If d= 0 then “from” reg. 

If w = 1 then word instruction: If w = 0 then byte instruction 


If mod = 11 then r/m is treated as a REG field 

If mod = 00 then DISP = 0*, disp-low and disp-high are absent 

If mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is absent 
If mod = 10 then DISP = disp-high: disp-low 


If r/m = 000 then EA = (BX) + (SI) + DISP 

If r/m = 001 then EA = (BX) + (DI) + DISP 

if r/m = 010 then EA = (BP) + (SI) + DISP 

If r/m = 011 then EA = (BP) + (DI) + DISP 

If r/m = 100 then EA = (SI) + DISP 

If r/m = 101 then EA = (DI) + DISP 

If r/m = 110 then EA = (BP) + DISP* 

If r/m = 111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if required) 


* except if mod = 00 and r/m = 110 then EA-disp-high: disp-low 


If s:w = 01 then 16 bits of immediate data form the operand 

If s:w = 11 then an immediate data byte is sigh extended to form the 16-bit operand 
If v= O then “count” = 1: If v= 1 then “count” in (CL) 

x = don’t care : 

z is used for string primitives for comparison with ZF FLAG 





SEGMENT OVERRIDE PREFIX 


001 reg 110 
REG is assigned according to the following table: 

16-Bit (w= 1) 8-Bit (w= 0) Segment 
000 AX 000 AL 00 ES 
001 CX 001 CL 01 CS 
010 DX 010 DL 10 SS 
011 BX 0171 BL 11 DS 
100 SP 100 AH 
101 BP 101 CH 
110 St 110 DOH 
111 DI 111. BH 


Instructions which reference the flag register file as a 16-bit object use the symbol FLAGS to represent the file: 


FLAGS = x:x:x:x:(OF): (DF): (1F):(TF):(SF)s(ZF):X:(AF):X:(PF):X (CF) 
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OK I semiconductor 
MSM80C86ARS/GS/JS 
MSM80C86A-2RS/GS/JS_ 


16-BIT CMOS MICROPROCESSOR 














GENERAL DESCRIPTION 


The MSM80C86A/MSM80C86A-2 are complete 16-bit CPUs implemented in Silicon Gate CMOS technolo- 
gy. They are designed with same processing speed as the NMOS 8086/8086-2 but have considerably less power 
consumption. They are directly compatible with MSM80C88A/MSM80C88A-2 software and MSM80C85A/ 


MSMS80C85A-2 hardware and peripherals. 


FEATURES 

@ 1 Mbyte Direct Addressable Memory Space 
@ Internal 14 Word by 16-bit Register Set 

@ 24 Operand Addressing Modes 

® Bit, Byte, Word and String Operations 


e Sand 16-bit Signed and Unsigned Arithmetic Operation 
e From DC to 5 MHz Clock Rate (MSM80C86A) 

e|\From DC to 8 MHz Clock Rate (MSM80C86A-2) 
e 'Low Power Dissipation 10 mA/MHz 

e Bus Hold Circuitry Eliminates Pull-Up Resistors 


CIRCUIT CONFIGURATION 


EXECUTION UNIT BUS INTERFACE UNIT 


REGISTER FILE RELOCATION 
REGISTER FILE 


SEGMENT 
REGISTERS 


INDEX REGS 


(8 WORDS) 
| (5 WORDS) 


- BHE/S7 
A19/S6 

16BIT ALU : 
A16/S3 


. BUS 
AD15 ~ ADO 


INTERFACE 
UNIT 


INTA, RD, WR, M/I 


OT/R, DEN,ALE 


TEST 
INTR 


NMI — CONTROL & 


Ra/6T,1 (2) TIMING 


HOLD 
HLDA 


CLK RESET READY MN/MX GND 
Vcc 
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= CPU: MSM80C86ARS/GS/JS MSM80C86A-2RS/GS/JSa 


PIN CONFIGURATION 


MSMB80C86ARS (Top View) 
MSM80C86A-2RS 
40 Lead Plastic DIP 


omMmnonaswn = 


Fig. 2a MSM80C86ARS/MSM80C86A-2RS 


RO/GTO (HOLD) 
RQ/GTT (HLDA) 
CK (WR) 
§2 (M/IO) 
TST (DT/R) 


L 


A18/S5 [C143 33 32 31 QSO0 (ALE) MSMS80C86AGS (Top View) 
A17/S4 [44 asi (INTA) MSM80C86A-2GS 
A16/S3 [45 TEST 56 Lead Plastic Flat Package 





© 


2 3 
ro) 

=- © 
QO AQ” 


QO ied 
qdqdq <x 


4 5 9 
UL i 
$5 8 


NC 
38 9 A19/S6 


MSM80C86AUS (Top View) BHE/S7 
MSM80C86A-2JS MN/MX 
44-pin Plastic Leaded Chip Carrier RD 
RO/GTO (HOLD) 
RO/GT1 (HLDA) 
COCK (wr) 
$2 (M/iO) 
30 S1 (DT/R) 
SO (DEN) 


asig’S 
(ALE) QSsog% 


(INTA) 
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= CPU: MSM80C86ARS/GS/JS MSM80C86A-2RS/GS/JS s=—£@£-_-——————_—_—_ 
ABSOLUTE MAXIMUM RATINGS 


Limits . 
Symbol |msmgoos6ARS encore eerie Conditions 
_|Msmgo0cs6A-2RS|MSM80C86A-2GS|MSM80C86A-2/S| 
7 | 
- 
5 
_ Co 


VIN 


























Parameter | 


With respect 
to GND 


°o 


Input Voltage | VIN | -0.5 ~ Vcc +0.5 Pe 
Output Voltage VOUT . -0.5 ~ Vcc +0.5 4 


~65 ~ +150 


a  < 


Storage Temperature 
Power Dissipation 





OPERATING RANGE 












Limits 
Parameter Symbol Unit 
MSM80C86A , MSM80C86A-2 


Operating Temperature. eens 


RECOMMENDED OPERATING CONDITIONS 


MSM80C86A-2. 
Parameter 


Power Supply Voltage 


Operating Temperature 





“L” Input Voltage 


“H"’ Input Voltage 





*1 Only CLK, *2 Except CLK. 
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= CPU: MSM80C86ARS/GS/JS MSM80C86A-2RS/GS/JSm 


DC CHARACTERISTICS 


(MSM80C86A: Vcc = 4.5V to 5.5V, Ta = —40° to +85°C) 
(MSM80C86A-2: Vcc = 4.75 to 5.25V, Ta = 0°C to +70°C) 


Parameter 


Input Leak Current 
Output Leak Current ILO 


Input Leakage Current 
(Bus Hold Low) BHL 
_Input Leakage Current 

(Bus Hold High) 


Bus Hold Low Overdrive IBHLO 
Bus Hold High Overdrive 


Operating Power Ta=25°C 
Supply Current Vcc =5.5V, Typical: |. 


Standby Power 
Supply Current 


Input Capacitance 


Outputs Unloaded 
VIN = Vcc or GND 


Output Capacitance 
1/O Capacitance 


*3 
*4 
*5 
*6 
*7 





Test condition is to lower Vjxy to GND and then raise Vin to 0.8V on pins 2—16, and 35-39 

Test condition is to raise Vjjqy to VCC and then lower VjN to 3.0V on pins 2—16, 26—32, and 34-39. 
An external driver must source at least !g14,_0 to switch this node from LOW to HIGH. 

An external driver must sink at least |BHHO to switch this node from HIGH to LOW. 





Test Conditions: a) Freq = 1 MHz. 
b) Ummeasured Pins at GND. 


c) VIN at 5.0V or GND. 
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= CPU: MSM80C8G6ARS/GS/JS MSM80C86A-2RS/GS/ JS e————________—__ 


A.C. CHARACTERISTICS 


(MSM80C86A: Voc = 4.5V to 5.5V, Ta = —40°C to +85°C) 
(MSM80C86A-2: Vg = 4.75V to 5.25V, Ta = 0°C to 70°C) 


Minimum Mode System 
Timing Requirements 


— ae a " 


CLK Cycle Period TCLCL 
CLK Low Time | TCLCH 
CLK High Time. TCHCL 
CLK Rise Time (From 1.0V to 3.5V) TCH1CH2 
CLK Fall Time (From 3.5V to 1.0V) TCL2CL1 
Data in Setup Time TOVCL 
Data in Hold Time TCLDX 


RDY Setup Time into MSM 82C84A 


(See Notes 1, 2) TRIVCL 


RDY Hold Time into MSM 82C84A 
(See Notes 1, 2) . 


READY Setup Time into MSM80C86A | TRYHCH 
READY Hold Time into MSM80C86A-2 | TCHRYX 


TCLR1X 


READY inactive to CLK (See Note 3) TRYLCL - 
HOLD Setup Time THVCH 


INTR, NMI, TEST Setup Time 
(See Note 2) 


Input Rise Time (Except CLK) 
(From 0.8V to 2.0V) 


Input Fall Time (Except CLK) 
(From 2.0V to 0.8V) 


TINVCH 


TILIH 


TIHIL: 





Timing Responses 


as ef win [mex [mins wax | 


Address Valid Delay | TCLAV 10 10 
Address Hold Time TCLAX 10 10 
Address Float Delay TCLAZ .| TCLAX TCLAX 
ALE Width TLHLL TCLCH-20 TCLCH-10 
ALE Active Delay TCLLH 

ALE Inactive Delay TCHLL . 
Address Hold Time to ALE Inactive TLLAX TCHCL-10 TCHCL-10 
Data Valid Delay TCLDV 10 10 





Data Hold Time TCHDX 10 10 
Data Hold Time after WR TWHDX | TCLCH-30 TCLCH-30 


Control Active Delay 1 TCVCTV 10 10 
Control Active Delay 2 | TOHCTV 10 10 
Control Inactive Delay . TCVCTX 10 10 
Address Float to RD Active TAZRL 0 0 
RD Active Delay | TCLRL 10 10 
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= CPU: MSM80C86ARS/GS/JS MSM80C86A-2RS/GS/JSa 


as ee 
arameter ym Oo | Min. =| Max. | Min. nit 


RD Inactive Delay TCLRH 10 10 
RD Inactive to Next Address Active TRHAV | TCLCL-45 TCLCL-40 


HLDA Valid Delay TCLHAV 10 10 


RD Width TRLRH |2TCLCL-75 2TCLCL-50 
WR Width TWLWH_ |2TCLCL-60 2TCLCL-40 
Address Valid to ALE Low TAVAL | TCLCH-60 TCLCH-40 
Output Rise Time (From 0.8V to 2.0V) | TOLOH 
Output Fall Time (From 2.0V to 0.8V) TOHOL 





Notes: 1. Signal at MSM 82C84A or MSM 82C88 are shown for reference only. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T2 state. (8 ns into T3) 
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= CPU: MSM80C86ARS/GS/JS MSM80C86A-2RS/GS/JS s——_________——__ 


Maximum Mode System (Using MSM 82C88 Bus Controller) 
Timing Requirements : 





Parameter 


CLK Cycle Period 

CLK Low Time 

CLK High Time 

CLK Rise Time (From 1.0V to 3.5V) 
CLK Fall Time (From 3.5V to 1.0V) 
Data in Setup Time 

Data in Hold Time 


RDY Setup Time into MSM 82C84A 
(See Notes 1, 2) 


RDY Hold Time into MSM 82C84A 
(See Notes 1, 2) 


‘READY Setup Time into MSM 80C86A 
READY Hold Time into MSM 80C86A 
READY inactive to CLK (See Note 3) 


Set up Time for Recognition (NMI, 
INTR, TEST) (See Note 2) 


RO/GT Setup Time 
RO Hold Time into MSM 80C86A 


input Rise Time (Except CLK) 
(From 0.8V to 2.0V) 


Input Fall Time (Except CLK) 
(From 2.0 to 0.8V). 


Timing Responses 


Command Active Delay (See Note 1) 
Command Inactive Delay (See Note 1) 


READY Active to Status Passive 
(See Note 4) 


Status Active Delay 

Status Inactive Delay 

Address Valid Delay 

Address Hold Time 

Address Float Delay 

Status Valid to ALE High (See Note 1) 
Status Valid to MCE High (See Note 1) 
CLK low to ALE Valid (See Note 1) 
CLK Low to:MCE High (See Note 1) 


ALE Inactive Delay (See Note 1) 


MCE Inactive Delay (See Note 1) 
Data Valid Delay 
Data Hold Time 
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Symbol 


TCLCL 
TCLCH 
TCHCL 
TCH1CH2 
TCL2CL1 
TOVCL 
TCLDX 


TRIVCL 


TCLR1X 


TRYHCH 
TCHRYX 


TRYLCL 


TINVCH 


TGVCH 
TCHGX | 


TILIH 


TIHIL 


TRY HSH 


TCHSV 
TCLSH 
TCLAV 
TCLAX 
TCLAZ 
TSVLH 

TSVMCH 
TCLLH 

TCLMCH 
TCHLL 


TCHMCL . 


TCLDV 
TCHDX 


MSM | MSM80C86A MSM80C86A-2 





MSM80C86A MSM80C86A-2 
5 45 5 35 





—_—___________—5 CPU-MSM80C86ARS/GS/JS MSM80C86A-2RS/GS/JS= 


Parameter 


Control Active Delay (See Note 1) 
Control Inactive Delay (See Note 1) 
Address Float to RD Active 

RD Active Delay 

RD Inactive Delay 

RD Inactive to Next Address Active 


Direction Control Active Delay 
(See Note 1) 


Direction Control Inactive Delay 
(See Note 1) 


GT Active Delay 


GT Inactive Delay 
RD Width 


Symbol 


TCVNV 
TCVNX 
TAZRL 
TCLRL 
TCLRH 
TRHAV 


TCHDTL 


TCHDTH 


TCLGL 
TCLGH 
TRLRH 


MSM80C86A 


MSM80C86A-2 


5 

5 

0 

10 

10 
TCLCL-45 


0 
0 
2TCLCL-75 


Output Rise Time (From 0.8V to 2.0V) 
Output Fall Time (From 2.0V to 0.8V) 


TOLOH 
TOHOL 





5 
10 
0 
10 
10 

TCLCL-40 

2TCLCL-50 

Signal at MSM 82C84A or MSM 82C88 are shown for reference only. 


Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 


Notes: 


Poe 


Applies only to T2 state (8 ns into T3) 
Applies only to T3 and wait states. 
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m CPU: MSM80C86ARS/GS/JS MSM80C86A-2RS/GS/JS s——_——_________ 


TIMING CHART 


Input/Output ALC. Testing Load Circuit 


DEVICE 
UNDER 
TEST 


1.5 +— TEST POINTS —— 1.5 
“- CL= 


0.45. 


ae 100pF 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC 
1"° AND 0.45V FOR A LOGIC ‘0 TIMING MEASUREMENTS 


ARE 1.5V FOR BOTH A LOGIC “1” AND “0” CL INCLUDES JIG CAPACITANCE 





Minimum Mode 


T2 T3 
TCHICH2 TCL2CL1 Ty 


VIH 
CLK (MSM 82C84A Output) 


VIL *TCHCTV 


TCHDX 


mat test 


= TRIVCL 


RDY (MSM B2C84A Input) nr ee 


SEE NOTE 5 


READY (MSM 80C86A Input) 


READ CYCLE ane 
AD15- aool sd) AD15- (“AD15-ADO ) ( DATAIN  ) IN 


YFLOAT 
alaar, t— 
(NOTE 1) = 
(WR,INTA =Von) _ >TRLRH TCHCTV 
DT/R 
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—____—__————_5 CPU: MSM80C86ARS/GS/JS MSM80C86A-2RS/GS/JSm 


Minimum Mode (Continued) 


T1 T2 


TCLCL TCHICH2 TCL2CL1 


| VIH 
CLK (MSM 82C84A Output) 
VIL 


WRITE CYCLE 


INTA CYCLE 


AD15-ADO ie 


FL 
Te i TCHCTV 


Lael F/ 
‘ 





AD,15 ~ ADO = INVALID ADDRESS SOFTWARE HALT 
SOFTWARE HALT- 


RD, WR, !NTA = VOH TCLAV — 
DT/R = INDETERMINATE 





105 


= CPU-MSM80C86ARS/GS/JS MSM80C86A-2RS/GS/JS s—_____— 


Maximum Mode 


ViIH 
CLK (MSM 82C84A output) | 
VIL 


aso,as1 


S2,51,50 (EXCEPT HALT) 


BHE/S7,A19/S6 ~ A16/S3 
TSVLH-? 
ALE (MSM -__.. TCLLH 
82C88 OUTPUT) 


SEE NOTE 5 = TRAVEL 


| AANA 
TCLR1X ae a 


RDY (MSM 82C84A 
INPUT) 


READY (MSM 80C86A 
INPUT) 


i, Rl TCHRYX 





READ CYCLE TCLAV TCLAZ 
AD15-ADO0 


TRHAV 





1 ¥ i 
ward 
TCHDTL | TRERH . TCHDTH 


MSM 82C88 | : 
OUTPUTS | TCLML TCLMH \\ 
| SEE NOTES 5, 6 ae ( 


TCVNX 
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= CPU: MSM80C86ARS/GS/JS MSM80C86A-2RS/GS/JSa 


- Maximum Mode (Continued) 


T1 T3 
Tw 


CLK (MSM 82C84A re 
VIL 
TCLSH 


S2, $1, SO (EXCEPT HALT) lee (See note 8)\ 


WRITE CYCLE TCLAV nee TCLOV TCHDX 


o's ~ Abo Cf free [Pp 


| TCVNX 


DEN 
aia a _ Laie 
OUTPUTS. AMWC OR AIOWC | | |" 


TCLMH 


MWTC OR IOWC 
INTA CYCLE 
~ TaN pee 


SEE NOTES 5,6 


AD15 ~ ADO FLOAT 
SEE NOTE 3,4 TCLDX 


\C 
TSVMCH 
heal ; 


PDE 
TCLMCH 


DT/R 
MSM 82C88 
OUTPUTS 
SEE NOTES 5, 6 INTA 





DEN 
SOFTWAREHALT— > 
(DEN=Vo,; RD, MRDC, IORC, MWTC, 
AMWC, IOWC, AIOWC, INTA,=VoH) 
AD15 ~ ADO | INVALID ADDRESS 


TCLAV 





All signals switch between Voy and Vo unless otherwise specified. 

RDY is sampled near the end of T2,T3,Ty to determine if Tw machines states are to be inserted. 

Cascade address is valid between first and second INTA cycle. 

Two INTA cycles run back-to-back. The MSM 80C86A LOCAL ADDR/DATA BUS is floating during 

both INTA cycles. Control for pointer address is shown for second INTA cycle. 

Signals at MSM 82C84A or MSM 82C88 are shown for reference only. 

6. The issuance of the MSM 82C88 command and control signals (MRDC,MWTC,AMWC,|IORC,|OWC,AIOWC, 
INTA and DEN) lags the active high MSM 82C88 CEN. 

7. All timing measurements are made at 1.5V unless otherwise noted. 

8. Status inactive in state just prior to T4. 


Notes: 


AO NS 


o 
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= CPU: MSM80C86ARS/GS/JS MSM80C86A-2RS/ S35 eee 


~ 


Asynchronous Signal Recognition 


} 


CLK \ } \ 
| TINVCH (SEE NOTE 1) 


SIGNAL 


NOTE: 1. SETUP REQUIREMENTS FOR ASYNCHRO- 
NOUS SIGNALS ONLY TO GUARANTEE RECOGNITION 
AT NEXT CLK 





Bus Lock Signal Timing (Maximum Mode Only) Reset Timing 


ANY CLK aa ANY CLK CYCLE 


24CLK CYCLES 





Request/Grant Sequence Timing (Maximum Mode Only) 


Any CLK Cycle 
: > OCLK Cycle 


> TCLCL 


TCLGL PULSE 3 
eel COPROCESSOR 


PULSE 2 RELEASE 


RO/GT OC86AGT| 


AD15 ~ ADO COPROCESSOR TCLAZ 

A19/S6 ~ A16/S3 RO a 

$2, $1, SO, ; MSM 
RD, LOCK | MSM 80C86A COPROCESSOR 80C86A 
ee  saeemeemeenetieaaeemiemmeensoeieigniniieeeeneeseememmmmmmmmsiemnmetememenanemmmmmmataaion | 

BHE/S7 ‘ (SEE NOTE 1) 


Note : 1. The coprocessor may not drive the buses outside the region shown without risking contention. 





Hold/Hold Acknowledge Timing (Minimum Mode Only) 


>1CLK CYCLE 1 or 2 CYCLES 


HLDA 


so 
— 


TCLAZ 


ADi5~ ADO 
f MSM 80C86A 
A19/S6~ A16/S3, COPROCESSOR MSM 80C86 A 


ies -—— 
RD, 

BHE/S7, M/IO, 

DT/R, WR, DEN 
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—____________—5 CPU: MSM80C86ARS/GS/JS MSM80C86A-2RS/GS/JS= 


PIN DESCRIPTION 


ADO — AD15 
ADDRESS DATA BUS: Input/Output 

‘These lines are the multiplexed address and data 
bus. 

These are the address bus at the T1 cycle and the 
data bus at the T2, T3, TW and T4 cycles. 

At the T1 cycle, ADO low indicates Data Bus Low 
(DO — D7) Enable. These lines are high impedance 
during interrupt acknowledge and hold acknowledge. 


A16/S3. A17/S4, A18/S5, A19/S6 
ADDRESS/STATUS: Output 

Tses are the four most significant addresses, at 
the T1 cycle. Accessing I/O port address, these are low 


at ‘T1 cycles. These lines are Status lines at T2, T3, TW 


and T4 cycles. S3 and S4 are encoded as shown. 


se [st | characte 

fe | 0 | Alternate Data 

r+ fo | se SSSSC=*” 

po [1 | Coeorwone 

Paes cre 
These 

acknowledge. 














lines are high impedance during hold 


BHE/S7 
BUS HIGH ENABLE/STATUS: Output 

This line indicates Data Bus High Enable (BHE) at 
the T1 cycle. . 

This line indicates Data Bus High Enable (BHE) 
-at the T1 cycles. 

This line is status line at T2, T3, TW and T4 cycles. 


RD 
READ: Output 

This line indicates that CPU is in the memory or 
1/O read cycle. 

This line is the read strobe signal when CPU read 
data from memory or I/O device. 

This line is active low. 

This line is high impedance during hold acknow- 
ledge. 


READY 
READY: Input 

This line indicates to the CPU that the addressed 
memory or |/O device is ready to read or write. 

This line is active high. 

If the setup and hold time is out of specification, 
illegal operation will occur. 


INTR 
INTERRUPT REQUEST: Input 

This line is the level triggered interrupt request 
signal which is sampled during the last clock cycle of 
instruction and string manipulation. 

It can be internally masked by software. 

This signal is active high and internally synchro- 
nized. 


TEST 

TEST: Input 
This line is examined by the WAIT instruction. 
When TEST is high, the CPU enters idle cycle. 
When TEST is low, the CPU exits the idle cycle. 


NMI 
NON MASKABLE INTERRUPT: Input 
This line causes a type 2 interrupt. 
NMI is not maskable. - 
This signal is internally synchronized and needs 


| 2 clock cycles of pulse width. 


RESET 
RESET: Input 

This signal causes the CPU to initialize immedi- 
ately. 


This signal is active high and must be at least four 
clock cycles. 


CLK 


_ CLOCK: Input 


This signal 
internal circuit, 


provides the basic timing for the 


MN/MX 
MINIMUM/MAXIMUM: Input 
This signal selects the CPU’s operating mode. 
. When Vcc is connected, the CPU operates in 
Minimum mode. 
Whin GND is 





connected, the CPU  orerates 


_ Maximum mode. 


Vcc 
Vec: +3 — +6V supplied. 


GND 


/ GROUND 


The following pin function descriptions are maxi- 
mum mode only. 
Other pin functions are already described. 


$0, $1, S2 


STATUS: Output 

These lines indicate bus status and they are used 
by the MSM82C88 Bus Controller to generate all 
memory and 1/O access control signals. 

These lines are high impedance during hold 
acknowledge. 

These status lines are encoded as shown. 7 
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Characteristics 


Interrupt acknowledge 
Read 1/O Port : 


rs 
cane 
la fo | Write !/O Port 
cfs [wwe 
Cit) ee 
Cop 

oe Write Memory 


Read Memory 
ce Passive 


[Ls [st 
Fonow | 0 
aaa 

oo 


RO/GTO 
RQ/GT1 
REQUEST/GRANT: Input/Output | 
These lines are used for Bus Request from other 
devices and Bus GRANT to other deivces. 
These lines are bidirectional and active low. 


LOCK 
LOCK: Output 
This line is active low. 
When this line is low, other devices can not gain 


control of the bus. 
This line is high impedance during hold acknow- 
ledge. 


aQso/aQs1 
QUEUE STATUS: Output . 
These lines are Queue Status, and indicate internal 


instrucion queue status. 


0 (LOW) Pos No Operation 


First Byte of Op Code from 
Queue 


1 (HIGH) | 0 | Empty the Queue 
1 es Subsequent Byte from Queue 









The following pin function descriptions are mini- 
mum mode only. Other pin functions are already 
described. . 


M/IO 
STATUS: Output : 
This line selects memory address space or I/O 

address space. 

~ When this line is high, the CPU selects memory 
address space and when it is low, the CPU selects 1/0 
address space. 
This line is high impedance during hold acknow- 
ledge. a 
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‘WR 


WRITE: Output 

This line indicates that the CPU is in the memory 
or I/O write cycle. 

This line is a write strobe signal when the CPU 
writes data to memory or I/O device. 

This line is active low. 

This line is high impedance during hold acknow- 
ledge. 


INTA 
INTERRUPT ACKNOWLEDGE: Output - 


This line is a read strobe signal for the interrupt 
acknowledge cycle. | 


This line is active low. 


ALE 
ADDRESS LATCH ENABLE: Output 

This line is used for latching the address into the 
MSM82C12 address latch, It is a possitive pulse and its 
trailing edge is used to strobe the address, This fine is 
never floated. , 
DT/R 
DATA TRANSMIT/RECEIVE: Output 

This line is used to control the output enable of 
the bus transceiver. 


When this line is high, the CPU transmits data, and 
when it is low, the CPU receives data. 


This line is high impedance during hold acknow- 
ledge. 


DEN 


DATA ENABLE: Output 


This line is used to control the output enable of 
the bus transceiver. | 

This line is active low. This line is high impedance 
during hold acknowledge. 


HOLD 
HOLD REQUEST: Input 
This line is used for Bus Request from other 
devices. 
This tine is active high. 


HLDA 

HOLD ACKNOWLEDGE: Output 
This line is used for Bus Grant to other devices. 
This line is active high. 
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FUNCTIONAL DESCRIPTION 


STATIC OPERATION 


All MSM80C86A circuitry is of static design. 
Internal registers, counters and latches are static and 
require no refresh as with dynamic circuit design. This 
eliminates the minimum operating frequency restriction 
placed on other microprocessors. The MSM80C86A can 
operate from DC to the appropriate upper frequency 
limit. The processor clock may be stopped in either 
state (high/low) and held there indefinitely. This type of 
operation is especially useful for system debug or power 
critical applications. 

The MSM80C86A can be single stepped using only 
the CPU clock. This state can be maintained as long as 
is necessary. Sigle step clock operation allows simple 
interface circuitry to provice critical information for 
bringing up your system. ; 

Static design also allows very low frequency opera- 
tion (down to DC). In a power critical situation, this 
can provide extremely low power operation since 
MSM80C86A power dissipation is directly related to 
operating frequency. As the system frequency is re- 
duced, so is the operating power until, ultimately, at a 
DC input frequency, MSM80C86A power requirement is 
the standby current (500 uA maximum). 


GENERAL OPERATION 

The internal function of the MSM80C86 consists 
of a Bus Interface Unit (BIU) and an Execution Unit 
(EU). These units operate mutually but perform as 
separate processors. 

BIU performs instruction fetch and queueing, 
operand fetch, DATA read and write address relocation 
and basic bus control. Instruction pre-fetch is perfomed 


Memory Organization 





So, FFFFFH 


DE 
SEGMENT 


XX XXOH 


STACK 
+OFFSET SEGMENT 


SEGMENT 
REGISTER FILE 


DATA 
SEGMENT 


EXTRA DATA 
SEGMENT 


while waiting for decording and execution of instruc- 
tions. Thus, the CPU’s pe?formance is increased. Up to 
6-bytes of instruction stream can be queued. 

The EU receives pre-fetched instructions from the 
BIU queue, decodes and executes the instructions, and 
provides the un-relocated operand address to BIU. 


MEMORY ORGANIZATION 

The MSM80C86A has a 20-bit address to memory. 
Each address has an 8-bit data width. Memory is 
organized OOOOOH to FFFFFH and is logicaly divided 
into four segments: code, data, extra data and stack 
segment. Each segment contains up to 64 Kbytes and 
locates on a 16-byte boundary. (Fig. 3a) 

All memory references are made relative to the 
segment register which functions in accordance with 
a select rule. Word operands can be located on even or 
odd address boundary. 

The BIU automatically performs the proper num- 
ber of memory accesses. Memory consists of an even 
address and an odd address. Byte data of even address 
is transfered on the DO — D7 and byte data of odd ad- 
dress is transfered on the D8 — D15. 

The CPU prevides two enable signals BHE and AO 
to access either an odd address, even address or both: 

Memory location FFFFOH is the start address after 
reset, and OOOOOH through OO3FFH are reserved as an 
interrupt pointer, where there are 256 types of inter- 
rupt pointers. 

Each interrupt type has a 4-byte pointer element 
consisting of a 16-bit segment address and a 16-bit 
offset address. 


Reserved Memory Locations 


FFH 
RESET BOOTSTRAP | *'* 
PROGRAM JUMP 


FFFFOH 


INTERRUPT POINTER 
FOR TYPE 255 


3 
FOR TYPE 1 
INTERRUPT POINTER 
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Memory Segment Register Segment 
aes Need Used Selection Rule 
|instructions CODE (CS) Automatic with all instruction prefetch. 
Stack ' STACK (SS) All stack pushes and pops. Memory references relative to | 
BP base register except data references. 
Data references when relative to stack destination of str- 


Local Data _ DATA (Ds) 
ing operation, or explicitly overridden. 











Destination of string operations: Explicitly selected us- 








MINIMUM AND MAXIMUM MODES 

The MSM80C86A has two system modes: mini- 
mum and maximum. When using maximum mode, it is 
easy to Organize a multi-CPU system with a 82C88 Bus 
Controller which generate the bus control signal. 

When using minimum mode, it is easy to organize 
a simple system by generating bus control signal by 
itself. 

MN/MX is the mode select pin. Definition of 24- 
31 pin changes depend on the MN/MX pin. 

BUS OPERATION 

The MSM80C86A has a time multiplexed address 
and data bus. If a non-multiplexed bus is desired for a 
system, it is only to add the address latch. 

A CPU bus cycle consists of at least four clock 
cycles: T1, T2 T3 and T4. (Fig. 4) 

The address output occurs during T1 and data 
transfer occurs during T3 and T4. T2 is used for chang- 
ing the direction of the bus at the read operation. When 
the device which is accessed by the CPU is not ready 
for The data transfer and the CPU “NOT READY”, TW 
cycles are inserted between T3 and T4. 

When a bus cycle is not needed, T1 cycles are 
inserted between the bus cycles for internal execution. 


During the T1 cycle, the ALE signal is output from the | 
CPU or the MSM82C88 depending on MN/MX. At the ~ 


trailing edge of ALE, a valid address may be latched. 

Status bits SO, $1 and S2 are used in the maxi- 
mum mode by the bus controller to recognize the type 
of bus operation according to the following table. 


| 82ST S0| ——_Characteristios 
Interrupt acknowledge 


Read 1/O 
Write 1/O 


Read Data from Memory 


Write Data to Memory 


Passive (no bus cycle) 
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External (Global) Data EXTRA (ES) 
‘ 


ing a segment overriden. 





Status bits S3 through S7 are multiplexed with 
A1i6. ~ A119, and BHE: therefore, they are valid during 
T2 through T4. 

S3 and S4 indicate which segment register was — 
selected on the bus cycle, according to the following 
table. 


[erect 
oiLow | 0 | _Arwrnate Doe (Exe searend)_ 
Sa 

Pawan) [0 | code orNone 

pi foe 


S5 indicates interrupt enable Flag. 







1/O ADDRESSING 


The MSM80C86A has 64 Kbyte of I/O or as 32 
Kwords I/O. When the CPU accesses an |/O device, ad- 
dresses AO ~ A15 are in the same format as a memory 
address, and A16 ~ A19 are low. 

The I/O ports addresses are same as memory, so 
it is necessary to be careful when using 8-bit 
peripherals. 
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Basic System Timing 


fr" + N*WAIT) = TCY (4 + N*WAIT) = TCY 
1 | T2 | 73 frwait| 4 | 71 | T2 | 73 [rwait| T4 | 


GOES INACTIVE IN THE STATE’ 
JUST PRIOR TO T4 


ed 


BHE, A19—A16 


ADDR/ 
STATUS 


BUS RESERVED D15—D0 
FOR DATA IN VALID 


ADDR/DATA ies DATA OUT : 
| (D15—D0) 


READY 


cr 


WAIT WAIT 





MEMORY ACCESS TIME 
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EXTERNAL INTERFACE 


RESET 

CPU Initalization is executed by the RESET pin. 
The MSM80C86A‘'s RESET High signal is required for 
greater than 4 clock cycles. 

The Rising edge of RESET terminates present 
operation immediately. The Falling edge of RESET 
triggers an internal reset sequence for approximately 10 
clock cycles. Afer the internal reset sequence is finished 
normal operation occurs from absolute location 
FFFFOH. 

INTERRUPT OPERATIONS 

Interrupt operation is classified as software or 
hardware, and hardware interrupt is classified as non- 
maskable or maskable. 

An interrupt causes a new program location de- 
fined on the interrupt pointer table, according to the in- 
terrupt type. Absolute locations OOQOOOH through 


OO3FFH are reserved for the interrupt pointer table. 


The interrupt pointer table consists of 256-elements. © 


Each element is 4 bytes in size and corresponds to an 
Interrupt Acknowledge Sequence 


| T1 | 12 | 73 | 74 |r| 11 


FLOAT 
ADO—AD15 





INTERRUPT ACKNOWLEDGE 

During the interrupt acknowledge sequence, 
further interrupts are disabled. The interrupt enable bit 
is reset by any interrupt, after which the Flag register is 
automatically pushed onto the stack. During the 
acknowledge sequence, the CPU emits the lock signal 
from T2 of the first bus cycle to T2 of the second bus 
cycle. At second bus cyclees, byte is fetched from the 
external device as a vector which identified the type 
of interrupt. This vector is multiplied by four and used 
as a interrupt pointer address. (INTR only) 

The Interrupt Return (IRET) instruction includes a 
Flag pop operation which returns the original interrupt 
enable bit when it restores the Flag. 


HALT 

When a Halt instruction is executed, the CPU 
enters the Halt state. An interrupt request or RESET 
will force the MSM80C86A out of the Halt state. 
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8 bit type number which is sent from an interrupt 
interrupt request device during the interrupt acknow- 
ledge cycle. 


J 


NON-MASKABLE INTERRUPT (NMI) 
The MSM80C86A has a Non-maskable Interrupt 


(NMI) which is of higher priority than the maskable 
interrupt request (INTR). 

The NMI request pulse width needs a minimum of 
2 clock cycles. The NMI will be serviced at the end of 


the current instruction or between string manipulations. 


MASKABLE INTERRUPT (INTR) 

The MSM80C86A_ provides another interrupt 
request (INTR) which can be masked by software. 
INTR is level triggered, so it must be held until the 
interrupt request is acknowledged. 

INTR will be serviced at the end of the aurrent 
instruction or between string manipulations. 


| T2 | T3 | Ta | 


TYPE 
VECTOR 


SYSTEM TIMING — MINIMUM MODE 
A bus cycle begins T1 with an ALE signal. The 
trailing edge of ALE is used to latch the address. From 
T1 to T4 the M/IO signal indicates a memory or 1/0 
operation. From T2 to T4, the address data bus changes 
the address bus to to data bus. | 
The read (RD), write (WR) and interrupt ac- 
knowledge (INTA) signals causes the addressed device 
to enable data bus. These signal becomes active at the 
beginning of T2 and inactive at the beginning of T4. 


SYSTEM TIMING — MAXIMUM MODE 

At maximum mode, the MSM82C88 Bus Cont- 
roller is added to system. The CPU sends status informa- 
tion to the Bus Controller. Bus timing signals are gene- 
rated by Bus Controller. Bus timing is almost the same 
as in the minimum mode. 


4 
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BUS HOLD CIRCVITRY 


To avoid high current conditions caused by float- 
ing inputs to CMOS devices and to eliminate the need 
‘for pull-up/down resistors, ‘‘bus-hold’’ circuitry has been 
used on MSM80C86A pins 2—16, 26—32, and 34— 
39 (Figures 6a, 6b). These circuits will maintain the 


last valid logic state if no driving source is present. 


(i.e. an unconnected pin or a driving source which 
goes to a high impedance state). To overdrive the 


“bus hold” circuits, an external driver must be capa- 
ble of supplying approximately 600 nA minimum sink 
or source current at valid input voltage levels. Since 
this “bus hold” circuitry is active and not a “resis- 
tive’’ type element, the associated power supply current 
is negligible and power dissipation is significantly 
reduced when compared to the use of passive pull-up 
resistors. 


“PULL-UP/PULL-DOWN” 


OUTPUT 
DRIVER 


INPUT 
BUFFER 


EXTERNAL 
PIN 


INPUT 


PROTECTION 
CIRCUITRY 


Input Buffer exists only on I/O pins 





Figure 6a. Bus hold circuitry pin 2-16, 35-39. 


“PULL-UP” 


OUTPUT 
DRIVER 


INPUT 
BUFFER 


ewe eae @ o wo 


EXTERNAL 
PIN 


INPUT 


PROTECTION 


CIRCUITRY 


Input Buffer exists only on I/O pins 








Figure 6b. Bus hold circuitry pin 26-32, 34 
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DATA TRANSFER 













































MOV = Move: 76543210/76543210/76543210!7 6543 21~0 
Register/memory to/from register 10001 0d w| mod reg r/m 
Immediate to register/memory 11000 1 1 wij mod 0 0 0Q0-— fr/m data dataif w=1 
Immediate to register 1011 We reg ; data data if w= 1 

Memory to accumulator 1031 0000w addr-low addr-high 

Accumulator to memory 10310001 iw addr-low addr-high 

Register/memory to segment register 100011 1 +0 

Segment register to register/memory 10001 10 0 










PUSH = Push: 










Register/memory 
Register 
Segment register 







POP = Pop: 


Register/memory 
Register 
Segment register 









XCHG = Exchange: 










Register/memory with register 
Register with accumulator 





IN = Input from: 






Fixed port. 
Variable port 







OUT = Output to: 













Fixed port 
Variable port 
XLAT = Translate byte to AL 
LEA = Load EA to register 
LDS = Load pointer to DS 
LES = Load pointer to ES 
LAHF = Load AH with flags 
SAHF = Store AH into flags 
PUSHF = Push flags 

POPF = Pop flags 









OC000-+-02-+-2 
COoO0O0C0C0O0O-= 
=--2--2-000=00 
--|2--=CO0-0-0 
sie Scale eid tO eae cs as 
SiGe. BSS aS. 
-00+-0--+4-4s55 












a ee ee ee ee ee ee ee) 


——_—_————4 Sf /S9/SHz-Vo808WSW Sf/S9/SUV9SDOSNSIN do = 


Lith 


ARITHMETIC : 


ADD = Add: 


Reg./memory with register to either 
Immediate to register/memory 
Immediate to accumulator 


ADC = Add with carry: 


Reg./memory with register to either 
Immediate to register/memory 
Immediate to accumulator 


INC = Increment: 


Register/memory 

Register 

AAA = ASCII adjust for add 
DAA = Decimal adjust for add 


SUB = subtract: 


Reg./memory and register to either 
Immediate from register/memory 
Immediate from accumulator 


SBB = Subtract with borrow: ‘ 


Reg./memory and register to either 
Immediate from register/memory 
Immediate from accumulator 


DEC = Decrement: 


Register/memory 
Register 
NEG = Change sign 


CMP = Compare: 


Register/memory and register 
Immediate with register/memory 
immediate with accumulator 
AAS = ASCII adjust for subtract 





data 
data if w= 1 


data 
data if w= 1 


data 
data if w= 1 


data 
data if w = 1 


data 
data if w= 1 


data if s:w = 01 


data if s:w = 01 


data if s:w = 01 


data if s:w = 01 


data if s:w = 01 
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SLL 


DAS = Decimal adjust for subtract 
MUL = Multiply (unsigned) 


IMUL = Integer multiply (signed) 
AAM = ASCII adjust for multiply 
DIV = Divide (unsigned) 

IDIV =.Integer divide (signed) 

AAD = ASCII adjust for divide 

CBW = Convert byte to word 

CWD = Convert word to double word 


a et et et ek oe ee OC 


= at a i aed 


-"--aO O20 000- 


oO 2] = 2 2 2 = = 


ooorr Or 2 = 


~O-s2¢ 088 - 
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6LL 


LOGIC 


NOT = Invert 

SHL/SAL = Shift logical/arithmetic left 
SHR = Shift logical right 

SAR = Shift arithmetic right 

ROL = Rotate left 

ROR = Rotate right 

RCL = Rotate left through carry 

RCR = Rotate right through carry 


AND = And: 


Reg./memory and register to either 
Immediate to register/memory 
Immediate to accumulator 


TEST = And function to flags, no result: 


Register/memory and register 
Immediate data and register/memory 
Immediate data and accumulator 


OR = Or: 


Reg./memory and register to either 
Immediate to register/memory 
Immediate to accumulator 


XOR = Exclusive or: 


Reg./memory and register to either 
Immediate to register/memory 
Immediate to accumulator 


STRING MANIPULATION 


REP = Repeat 

MOVS = Move byte/word 

CMPS = Compare byte/word 

SCAS = Scan byte/word 

LODS = Load byte/word to AL/AX 
STOS = Store byte/word from AL/AX 


ee ee ee ee ey 


wb eh ett at =o od == | 





oooo0o0oo = 


wah ed att eh att = oct ah 


c0000000 


eooo0o0o°o = 


€ << € <€ < <€ ww 


2222322 & 


ooo o-+- +0 


=- O02. ]- 00 


data data if w 
data if w 


data data if w 
data if w 


data data if w 
data if w= 1 


data data if w= 1 
data if w= 1 
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Oct 


CJMP = Conditional JMP 


JE/JZ = Jump on equal/zero | 

JZ/JNGE = Jump on less/not greater or equal 
JLE/JNG = Jump on less or equal/not greater 
JB/JNAE = Jump on below/not above or equal 
JBE/JNA = Jump on below or equal/not above 
JP/JPE = Jump on parity/parity even 

JO = Jump on over flow 

JS = Jump on sign 

JNE/JNZ = Jump on not equal/not zero 
JNL/JGE = Jump on not less/greater or equal 
JNLE/JG = Jump on not less or equal/greater 
JNB/JAE = Jump on not below/above or equal 
JNBE/JA = Jump on not below or equal/above 
JNP/JPO = Jump on not parity/parity odd 
JNO = Jump on not overflow 

JNS = Jump on not sign 

LOOP = Loop CX times 

LOOPZ/LOOPE = Loop while zero/equal 
LOOPNZ/LOOPNE = Loop while not zero/equal 
JCXZ = Jump on CX zero 


INT = Interrupt: 


Type specified | 

Type 3 

INTO = Interrupt on overflow 
IRET = Interrupt return 


PROCESSOR CONTROL 


CLC = Clear carry 

CMC = Complement carry 
STC = Set carry 

CLD = Clear direction © 
STD = Set direction 


CLI = Clear interrupt 
‘STI = Set interrupt 
HLT = Halt 


WAIT = Wait 
ESC = Escape (to external device) 
LOCK = Bus lock prefix 


---=-=29C0000OCDODOCODZCCC0O00 


—_ aw Ww eB et ee et ee ee 


ee ee ee ee ee ee ee ee ee ee ee ee eee Y 


- = O 2—2 2a 2 2 = = = — 


eb ewe ewe ewe eee dada ed ee 


=- O80 -— =] = 2 ~~ = = = 


OOO OO = @ @ ae e@ 2 @ om eo eo eo om 2 2 = = 


Ce 


CCOCOO0O]-0-00=]=32=0-0-=00=-=0 


eooooooqooeo}?]orstr]o0o0of-0 2+ 2 


ox Oo -OoO0o- - Oo - 0 


-FDO"-0O0f-]22 00002243200 


ox - Or] O00 00 


0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 |. 
1 
0 
1 
0 
1 


Ox -=0-70-0--0 
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beh 


‘CONTROL TRANSFER 
CALL = Call: 76543210765 43210765 43 210 
Direct within segment disp-low disp-high 
Indirect within segment mod O 1 O r/m 


Direct intersegment offset-low offset-high 
seg-low seg-high 


indirect intersegment Oo 1 1 





JMP = Unconditional Jump: 

Direct within segment : disp-low disp-high 

Direct within segment-short disp 

Indirect within segment 10 0 

Direct intersegment offset-low offset-high 
seg-low seg-high 


Indirect intersegment 


RET = Return from CALL: 


Within segment 

Within seg. adding immediate to SP data-low data-high 
Intersegment 

Intersegment adding immediate to SP data-low data-high 
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Footnotes: 


AL = 8-bit accumulator 

AX = 18-bit accumulator 

CX = Count register 

DS = Data segment 

ES = Extra segment 

Above/below refers to unsigned value 

Greater = more positive 

Less = less positive (more negative) signed value 

If d= 1 then “to” reg: If d= 0 then “from” reg. — 

If w = 1 then word instruction: If w = 0 then byte instruction 


If mod = 11 then r/m is treated as a REG field 

If mod = 00 then DISP = 0%, disp-low and disp-high are absent 

If mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is absent 
> If mod = 10 then DISP = disp-high: disp-low 


If r/m = 000 then EA = (BX) + (SI) + DISP 

If r/m = 001 then EA = (BX) + (DI) + DISP 

If r/m = 010 then EA = (BP) + (SI) + DISP 

If r/m = 011 then EA = (BP) + (DI) + DISP 

If r/m = 100 then EA = (SI) + DISP 

If r/m = 101 then EA = (DI) + DISP 

If r/m = 110 then EA = (BP) + DISP* 

If r/m = 111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if required) 


* except if mod = 00 and r/m = 110 then EA-disp-high: disp-low 


If s:w = 01 then 16 bits of immediate data form the operand: 

If s:w = 11 then an immediate data byte is sign extended to form the 16-bit operand 
If v=O then “count” = 1: If v= 1 then “count” in (CL) 

x = don't care 

z is used for string primitives for comparison with ZF FLAG 


SEGMENT OVERRIDE PREFIX 
001 reg 110 


REG is assigned according to the following table: 


16-Bit (w= 1) 8-Bit (w = 0) Segment 
000 AX 000 AL 00 ES 
001 CX 001 CL 01 CS 
010 DX 010 ODL 10 SS 
011 BX O11 BL 11 DS 
100 SP 100 AH ; 
101 BP 101 CH 
110 Sl 110 DH 
111 DI 111 BH 


Instructions which reference the flag register file as a 16-bit object use the symbol FLAGS to represent the file: 


FLAGS = x:x:x:x:(OF):(DF):(1F):(TF):(SF):(ZF):X:(AF):X:(PFE):X:(CF) 
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OKI semiconductor 


MSM80C88RS/GS/JS 
MSM80C88-2RS/GSJS 


8-BIT CMOS MICROPROCESSOR 





GENERAL DESCRIPTION 


The MSM80C88-2 are internal 16-bit CPUs with an 8-bit interface implemented in Silicon Gate CMOS tech- 
nology. They are designed with the same processing speed as the NMOS 8088/8088-2, but with considerably 


less power consumption. 


The processor has attributes of both 8- and 16-it microprocessor. It is directly compatibly with MSM80C86/ 
MSM80C86-2 software and MSM80C85A/MSM80C85A-2 hardware and peripherals. 


FEATURES 


e 8-Bit Data Bus Interface 

@ 16-Bit Internal Architecture 

@ 1 Mbyte Direct Addressable Memory Space 
© Software Compatible with MSM80C86 

@ Internal 14 Word by 16-bit Register Set 

@ 24 Operand Addressing Modes 


FUNCTIONAL BLOCK DIAGRAM 


EXECUTION UNIT 


REGISTER FILE 


INDEX REGS 
(8 WORDS) 


16BIT ALU 


TEST 
INTR 


@ Bit, Byte, Word and String Operations 

® 8 and 16-bit Signed and Unsigned Arithmetic Opera- 
tion | 

@5 MHz Clock Rate (MSM80C88) 

@8 MHz Clock Rate (MSM 80C88-2) 

@ Low Power Dissipation 


BUS INTERFACE UNIT 


RELOCATION 
REGISTER FILE 


SEGMENT 
REGISTERS 
AND 
INSTRUCTION 
POINTER 
(5 WORDS) 





‘BUS 
INTERFACE 


NMi CONTROL & 
Ra/GTO.1¢ 2) TIMING 


HOLD 
HLDA 


RESET READY MN/MX GND 





Vcc 
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= CPU: MSM80C88RS/GS/JS MSM80C88-2RS/GS/JS a 





PIN CONFIGURATION 


GND 

















1 Vcc : 
A14 2 
MSMSOCS8S8RS (Top View) A13 3 oe 
MSM80C88-2RS At2 4 A17/S4 
40 Lead Plastic DIP Ai} 5 A18/S5 
A1io (6 A19/S6 
AQ 7 SSO (HIGH) 
AB 8 MN/MX 
Ao7 (19 RO 
AD6 HOLD (RO/GTO) 
ADS HLDA (RO/GT1) 
AD4 WR (LOCK) 
AD3 10/M (S2) 
AD2 DT/R (S1) 
AD1 DEN (SO) 
ADO ALE (QS0) 
‘NMI INTA (QS1) 
INTR TEST 
s = CLK READY 
_ ie is Z GND RESET 
iG lz ZISSes Fi 1 3 ; 
© re fe E & i ‘Fig. 2a MSM80C88RS/MSM80C88-2RS 
BEE 9..,£28 kp 
z2z2B@EP22S22Eo5R 
EL CUE EEE 
A18/S5 [43 42 41 40 3 28 [J ALE (aso) -MSM80C88GS (Top View) 
A17/S4 [(] 44 INTA (QS1) MSM80C88-2GS 
A16/S3 [22 45 TEST 56-Lead Plastic Flat Package 
A115 READY 
N.C. RESET 
Vcc N.C. 
Vcc N.C. 
N.C. Vcc 
GND GND 
N.C. N.C. 
Al4 N.C. 
A13 C) CLK 
A12 INTR 
All 2 5 6 9 10 11 12 NMI 
U OL UU — 
SSmwyn Go S8UGCGRBSEEB ~amrt389, Qn GRD 
zaqacqadedc22z2dcdeqcecagd TanecoZzSeuageg 
. 6543 21 42 4 
Fig. 2b MSM80C88GS/MSM80C88-2GS A107 O NC 
, Agn8 A19/S6 
A8 HIGH FIX (SSO) 
MSMB80C88JS (Top View) "ADT an 
MSM80C88-2JS ADE boo 
44-pin Plastic Leaded Chip Carrier ADS foe ieee: 
AD4013 / RO/GT1 (HLDA) 
AD3 014 LOCK (WR) 
AD2 915 $2 (m/i0) 
AD1 916 30 7 S71 (DT/R) 
ADO} 17 29 1 SO (DEN) 





NMI [ 
INTR Q 
TEST 


(INTA) QS1 { 


READY 
(ALE) OSO{ 
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ABSOLUTE MAXIMUM RATINGS 


Limits 
Parameter Symbol wsmeocesrs |MsMsocsscs |MSMs0Cc88Js | Unit | Conditions 
MSM80C88-2RS |MSM80C88-2GS | MSM80C88-2JS 
ae 


Power Supply Voltage 
With respect 




























~0.5 ~ Vcc +0.5 
-0.5 ~ Vcc +0.5 


Input Voltage 










Output Voltage 


Storage Temperature 


Power Dissipation 


OPERATING RANGE 


Limits 
Parameter Symbol! 
MSM80C88 MSM80C88-2__. 


RECOMMENDED OPERATING CONDITIONS 


MSM80C88 
Parameter Symbol 
CC 


Power Supply Voltage V 
Top 


Operating Temperature 






























““L” Input Voltage 






“H” input Voltage 


*4 Only CLK, *2 Reset & Ready, *3 Except CLK, Reset and Ready 


DC CHARACTERISTICS 
(Vcc = 4.5V to 5.5V, Ta = -40°C to +85°C) 


Parameter 


“L’’ Output Voltage 












a : 
3.0 loy =-2.5mA 
V ck I 


TCLCL = 200 ns 
Reset Cycle 


TCLCL = 125 ns 
Reset Cycle 


“HH” Output Voltage 
















Input Leak Current 





Output Leak Current 












Operating Supply 
Current 


Input Capacitance 


1/O Capacitance 













*4. Test Conditions: a) Freq = 1 MHz. 
b) Ummeasured Pins at GND. 
c) Vin at 5.0V or GND. 
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= CPU: MSM80C88RS/GS/JS MSM80C88-2RS/GS/JS s—______________——- 


A.C. CHARACTERISTICS 
(MSM80C88: Vcc = 4.5V to 5.5V, Ta = -40°C to +85°C) 





(MSM80C88-2: Vcc = 4.75V to 5.25V, Ta = 0°C to 70°C) 


Minimum Mode System 
Timing Requirements 


/ 


| MSMBOc88 MSM80C88-2 


CLK Cycle Period 
CLK Low Time 
CLK High Time 
CLK Rise Time (From 1.0V to 3.5V) 
CLK Fall Time (From 3.5V to 1.0V) 


Data in Setup Time 


Data in Hold Time 


RDY Setup Time into MSM 82C84A 
(See Notes 1, 2} 


RDY Hold Time into MSM 82C84A 
(See Notes 1, 2) 


READY Setup Time into MSM 80C88 


READY Hold Time into MSM 80C88 


READY inactive to CLK (See Note 3) 


HOLD Setup Time 


INTR, NMI, TEST Setup Time 
(See Note 2) 


Input Rise Time (Except CLK) 
(From 0.8V to 2.2V) 


Input Fall Time (Except CLK) 
(From 2.2V to 0.8V) 





Timing Responses: | 


~TCHRYX 


TCLCL 
TCLCH 
TCHCL 
TCH1CH2 
TCL2CL1 
TDVCL 
TCLDX 


TRIVCL 


TCLR1IX 


TRYHCH 


TRYLCL 
THVCH 


TINVCH 
TILIH 
TIHIL 


| MsmgocsB 


neat Es eo 7 
ns | 


Address Valid Delay 
Address Hold Time 
Address Float Delay 
ALE Width 

ALE Active Delay 

ALE Inactive Delay 
Address Hoid Time to ALE Inactive 
Data Valid Delay 

Data Hold Time | 

Data Hold Time after WR 
Control Active Delay 1 


Control Active Delay 2 


Control Inactive Delay 
Address Float to RD Active 
RD Acrive Delay 
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TCLAV 

TCLAX 10 10 
TCLAZ TCLAX TCLAX 
TLHLL | TCLCH-20 TCLCH-10 
TCLLH 

TCHLL 

TLLAX | TCHCL-10. TCHCL-10 
TCLDV 10 10 
TCHDX 10 10 
TWHDX_ | TCLCH-30 TCLCH-30 
TCVCTV 10 

TCHCTV | 10 

TCVCTX 10 

TAZRL | 0 

TCLRL 10 


= CPU: MSM80C88RS/GS/JS MSM80C88-2RS/GS/JS a 


nee ae ee 2 
’ Parameter Symbol Unit 


TCLRH a — a = 
TRHAV TCLCL-45 TCLCL-40 
TCLHAV 10 10 
TRLRH |2TCLCL-75 2TCLCL-50 
TWLWH_ |2TCLCL-60 2TCLCL-40 
TAVAL TCLCH-60 TCLCH-40 
TOLOH 
TOHOL 








RD Inactive Delay 














RD Inactive to Next Address Active 
HLDA Valid Delay 
RD Width 
WR Width 
Address Valid to ALE Low 
Output Rise Time (From 0.8V to 2.2V) 
Output Fall Time (From 2.2V to 0.8V) 




















































Notes: 1. Signals at MSM82C84A shown for reference only. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T2 state. (8 ns into T3) 


Maximum Mode System (Using MSM 82C88 Bus Controller) 
Timing Requirements 


5 are MSM80C88 MSM80C88-2 
_ _— See 





CLK Cycle Period TCLCL 

CLK Low Time TCLCH 

CLK High Time TCHCL 

CLK Rise Time (From 1.0V to 3.5V) TCH1CH2 10 
CLK Fall Time (From 3.5V to 1.0V) TCL2CL1 10 
Data in Setup Time TDVCL 

Data in Hold Time TCLDX 

pee oe into MSM 82C84A TRIVCL 

ee es into MSM 82C84A TCLRIX 

READY Setup Time into MSM 80C88 TRY HCH 

READY Hold Time into MSM 80C88 TCHRYX 

READY inactive to CLK (See Note 3) TRYLCL 

Se cee | cinver 

RO/GT Setup Time TGVCH 

RQ Hold Time into MSM 80C88 TCHGX 

Input Rise Time (Except CLK) 1 toe 

(From 0.8V to 2.2V) | 
ee 
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T 

























N 


128 


iming Responses 


Command Active Delay (See Note 1) 


‘Command Inactive Delay (See Note 1) 


READY Active to Status Passive 
(See Note 4) 


Status Active Delay 
Status Inactive Delay 
Address Valid Delay 


‘Address Hold Time 


Address Float Delay 

Status Valid to ALE High (See Note 1) 
Status Valid to MCE High (See Note 1) 
CLK low to ALE Valid (See Note 1) 
CLK ew to MCE High (See Note 1) 
ALE Inactive Delay (See Note 1) 

MCE Inactive Delay (See Note 1) 

Data Valid Delay 

Data Hold Time 
Control Active Delay (See Note 1) 
Control Inactive Delay (See Note 1) 
Address Float to RD Active 

RD Active Delay 

RD Inactive Delay. 

RD Inactive to Next Address Active 


Direction Control Active Delay 
(See Note 1) 


Direction Control Inactive Delay 
(See Note 1) 


GT Active Delay 


GT Inactive Delay 


RD Width 
Output Rise Time (From 0.8V to 2.2V) 
Output Fall Time (From 2.2V to 0.8V) 


otes: 


dill easy 


TCLML 


TCLMH ~ 


TRYHSH 


TCHSV 
TCLSH 
TCLAV 
TCLAX 
TCLAZ 
TSVLH 
TSVMCH 
TCLLH 
TCLMCH 
TCHLL 
TCHMCL 
TCLDV 
TCHDX 
TCVNV 
TCVNX 
TAZRL 
TCLRL 
TCLRH 
TRHAV 


TCHDTL 


. TCHDTH 


TCLGL 
TCLGH 
TRLRH 
TOLOH 
TOHOL 





MSM80C88 MSM80C88-2 


5 


5 


TCLAX 


10 

10 

*5 
5 
0 

10 

10 

TCLCL-45 


0 
0 
2TCLCL-75 


45 
35 


110 


110 
130 
110 


165 
150 


35 


85 
85 


20 
15 


Signals at MSM 82C84A or MSM 82C88 are shown for reference only. 

Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
Applies only to T2 state (8 ns into T3) 
Applies only to T3 and wait states. 


TCLAX 


10 
TCLCL-40 


0 
0 
2TCLCL-50 


45 
45 


100 
80 


50 


30 


50 


20 
15 








ace hol 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 





ns 








ns. 
ns 
ns 
ns 
ns 


ns 


ns 


ns 


NS © 


ns 
ns 
ns 


ns 





m CPU-MSM80C88RS/GS/JS MSM80C88-2RS/GS/JS a 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 





TEST POINTS 
150 + 15 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V 


FOR A LOGIC “1° AND 0.45V FOR A LOGIC 
“O" TIMING MEASUREMENTS ARE 1.5V FOR 
“AND "0" 


Cy INCLUDES JIG CAPACITANCE 
BOTH A LOGIC “1 


TIMING CHART 


Minimum Mode 


Th 


T3 Tw T4 
TCLCL TCHICH2 TCL2CL1 Fi 


vi 
CLK (MSM 82C84A Output) 


Llib hanes) 


TCLAV TCHDX 
TCLAX 
eee | 


TCLLH -> ia = 


TRIVCL 


ioe 


READY (MSM80C88 Input) | 


READ CYCLE 
(NOTE 1) 
(WR, INTA = Vow) 
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Minimum Mode (Continued) 


T2 T3 


Tw 
as Tev2ci.1 ¢ 
TCHICH2 
Vio 


CLK (MSM 82C84A Output) 


MN Calabi fe} icons 
ina at 


Se a), HD 
Os 


A19/S6—A16/S3 


TCHDX 
AD7—ADO AD7. {  f07-a00 DATA OUT a 


“TWHOX 
ee CYCLE 


DT/R = Von) 


TCLOX 


- pee 
FLOAT FLOAT 
co TCHCTV TCHCTV 
INTACYCLE |[. | 


(NOTES 1 & 3) 
(RD, WR = Voy 
BHE = Vou) 


a 


SOF TWARE HALT- ey INVALID ADDRESS SOFTWARE HALT TCLAV 
RO, WR, INTA = Voy 
DT/R = INDETERMINATE 





NOTES: 

1. All signals switch between Voy and Voy unless otherwise specified. 

2. RDY is sampled near the end of T2, T3, TW to determine if TW machines states are ‘to be inserted. 

3. Two INTA cycles run back-to-back. The MSM 80C88 LOCAL ADDR/DATA BUS is floating during both INTA 
cycles. Control signals shown for second INTA cycle. 

4. Signals at MSM 82C84A shown for reference only. 

All timing measurements are made at 1.5V unless otherwise noted. 


a 
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Maximum Mode 


T1 ; T2 T3 
TCHICH2 a TCL2CL1 
TCLCL———e Tw 


CLK (MSM82C84A Sonu, 
VIL 
TCLAV TCHCL 


os, Pe 
SES DIexcePT HAD = “ti 
“en best 


Sys is 


TSVLH 
ALE (MSM82C88 
OUTPUT) 
SEE NOTE 5 


TCLLH 
TRIV 
RDY (MSM 82C84A INPUT) te 


sc 
ee 


te Cc | 


AD7—AD0 a AD7-— ADO (param | IN FLOAT 
oe 
= ‘i 
TCLRL TRLRH 1 
— TCHDTL na TCHOTH 


MSM 82C88 TCLMH 
OUTPUTS = ; 
SEE NOTE 5,6 = 


READY (MSM 80C88 INPUT) 





READ CYCLE 
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Maximum. Mode (Continued) 


T1 T2 T3 T4 
TW 


Vi: 
CLK (MSM82C84A OUTPUTS) 


coon TT 
S3, $1, SO (EXCEPT HALT) | ap Se nore 


TCHDX 


— a em oe oe 


WRITE CYCLE 


| Tovnx—= 


TCLMH 
MSM 82C88 OUTPUTS 
SEE NOTES 5,6 | 
TCLMH 
A15—A8 ( BesevED Eos) FOR 


(SEE NOTES 3 & 4) ( BesevED Eos) ADDR FLOAT 
| TCLDX 
( rowrer] | 
. FLOAT 
TSVMCH 
gene 


TCLMCH }s— TCHDTH 


MSM 82C88 OUTPUTS 
SEE NOTES 5,6 


DEN 


SOF TWARE HALT 
(DEN : Voi: RD, MRDC, IORC, MWTC, AMWC, 


lOWC, AIOWC, INTA, - Voy) 





AD7—-ADO, A15~A8 INVALID ADDRESS 





NOTES: 

1. All signals switch between Voy and Vo, unless otherwise specified. 

2. RDY 1s sampled near the end of T2,T3, TW to determine if TW machines states are to be inserted. 

3. Cascade address 1s valid between first and second INTA cycle. 

4. Two INTA cycles run back-to-back. The MSM 80C88 LOCAL ADDR/DATA BUS is floating anes both INTA cycles. 
Control for pointer address 1s shown for second INTA cycle. 

Signal at MSM 82C84A and MSM82C88 shown for reference only. 


ees eects ee, Senin, eet | eet, 


The issuance of the MSM 82C88 command and control signals (MRDC, MWTC, AMWC, IORC, 1OWC, AIOWC, INTA 
and DEN) lags the active high MSM 82C88 CEN. 

Ali timing measurements are made at 1.5V unless otherwise noted. 

Status mmactive in state just prior to T4. 


ie Lo 


ties 
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Asynchronous Signal Recognition 


~TINVCH (SEE NOTE 1) 


. SETUP REQUIREMENTS FOR ASYNCHRONOUS 
SIGNALS ONLY TO GUARANTEE RECOGNITION 
AT NEXT CLK. 





Reset Timing 


2 4CLK CYCLES 





Any CLK Cycle 
> OCLK Cycle 


TCLGL 


PULSE 1 PULSE 3 


PULSE 2 
COPROCESSOR a COPROCESSOR 





Previous grant 


AD7-—ADO, A1S—AB .o ny 
—A16/S3 
Ay olse—t o MSM 80C88 COPROCESSOR MSM 80C88 
RD, COCK renee 
(SEE NOTE 1) 
NOTE: 1. THE COPROCESSOR MAY NOT DRIVE THE BUSSES OUTSIDE 
THE REGION SHOWN WITHOUT RISKING CONTENTION. 





Hold/Hold Acknowledge Timing (Minimum Mode Only) 


>1CLK CYCLE 1OR 2CYCLES 


|_—$ $$ 1 
fond 


AD7—ADO, A15~—A8 
A19/S6—A16/S3, MSM 80C88 COPROCESSOR MSM 80C88 
RD, 

10/M Se 


OT/R, WR, DEN 
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PIN DESCRIPTION 


ADO0O—AD7 

ADDRESS DATA BUS: Input/Output 
These lines are multiplexed address and data buses. 
They are an address bus at the T1 cycle and a data 
bus at the T2, T3, TW and T4 cycle. 
These lines are high impedance during interrupt 
acknowledge and hold acknowledge. 


A8—A15 
ADDRESS BUS: Output 
These lines are the address bus of bits 8 thru 15 at 


all cycles. 
These lines do not have to be latch by an ALE 
signal 


These lines are high impedance during interrupt 
acknowledge and hold acknowledge. 


A16/S3, A17/S4, A18/S5, A19/S6 
ADDRESS/STATUS: Output 
These are the four most significant addresses at 


the T1 cycle. 

When accessing !/O port address, they are low at 
the T1 Cycle. 

These lines are Status lines at the T2, T3, TW, and 
T4 Cycle. 


S5 indicates interrupt enable Fiag. 
S3 and S4 are encoded as shown. 


Alternate Data 


fe 
po | Stack 
a 










Po 
a 
These lines are high impedance during hold acknowl- 
edge. 


RD 

READ: Output 
This line indicates that the CPU is in the memory 
or 1/O read cycle. 
This line is a read strobe signal when the CPU reads 
data from memory or an |/O device. ~ 
This line is active low. | 
This line is high impedance during hold acknowl- 
edge. 


READY 
READY: Input . 
This line indicates to the CPU that the addressed 
memory or {/O device is ready to read or write. 
- This line is active high. 
If the setup and hold time is out of specification 
illegal operation will occur. 
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INTR 

INTERRUPT REQUEST: Input 
This line is a level triggered interrupt request signal 
which is sampled during the last clock cycle of 
instruction and string manipulations. | 
It can be internally masked by software. 
This signal is active high and internally synchro-. 


nized. 
TEST 
TEST: Input 


This line is examined by the “WAIT” instruction. 
When TEST is high, the CPU enters an idle cycle. 
When TEST is low, the CPU exits an idle cycle. 


NMI 
NON MASKABLE INTERRUPT: Input 
This line causes a type 2 interrupt. 
NMI is not maskable. 
This signal is internally synchrqnized and needs 2 
clock cycles of pulse width. - 


RESET 

RESET: Input 
The signal causes the CPU to initialize immediately. 
This signal is active high and must be at least four 
clock cycles long. 


CLK 
CLOCK: Input 
This signal provides the basic timing for the internal 
' circuit. 


_MN/MX 


MINIMUM/MAXIMUM: Input 
This signal selects the CPU's operate mode. 
When Vcc is connected, the CPU operates in 
minimum mode. 
When GND is connected, the CPU operates in 
maximum mode. 


Vcc 
Vcc: 
+ 3 --+6 V supplied. 


GND 
GROUND 


The following pin function descriptions are for. 
maximum mode only. 
Other pin functions are already described. 





SO, $1, S2 

STATUS: Output 
These lines indicate bus status and are used by 
the MSM82C88 Bus Controller to generate all 
memory and 1/O access contro! signals. 
These lines are high impedance during hold 
acknowledge. 
These status lines are encoded as shown. 


| sz [st [80| Characteristics 

Poco] © | © | eran ectnoniaes 

po foli| Readvorot 
1 | 0 | Write 1/O Port 


Code Access 


cans 












Write Memory 


RQ/GTO 

RG/GT1 

REQUEST/GRANT: !tnput/Output 
These lines are used for Bus Request from an other 
device and Bus GRANT to an other device. 
These lines are bidirectional and active low. 


LOCK 

LOCK: Output 
This line is active low. 
When this line is low, other device can not gain 
control of the bus. 
This line is high impedance during hold acknowl- 
edge. 


Qso/aQs1 

QUEUE STATUS: Output 
These lines are Queue Status that indicate internal 
instruction queue status. 


[ast [oso] chereceratin 
}O(LOW) | 0 | NoOperation = | NoOperation = Operation 


First Byte of Op Code from 
Queue 


1 (HIGH) 0 | Empty the Queue 
few. ed Subsequent Byte from Queue 












The following pin function descriptions are mini- 
mum mode only. Other pin functions are already 
described. 


10/M 

STATUS: Output 
This line selects memory address space or 1!/O 
address space. 


m CPU: MSM80C88RS/GS/JS MSM80C88-2RS/GS/JSa 


When this line is low, the CPU selects memory 
address space, and when it is high, the CPU selects 
1/O address space. 

This line is high impedance during hold acknowl- 
edge. 


WR 


WRITE: Output 
This line indicates that the CPU is ina memory or 
1/O write cycle. 
This line is a write strobe signal when the CPU 
writes data to memory or an I/O device. 
This line is active low. 
This line is high impedance during hold acknowl- 
edge. 


INTA 

INTERRUPT ACKNOWLEDGE: Output 
This line is a read strobe signal for the interrupt 
acknowledge cycle. 
This line is active low. 


ALE 

ADDRESS LATCH ENABLE: Output 
This line is used for latching an address into 
the MSM82C12 address latch. It is a positive pulse 
and the trailing edge is used to strobe the address. 
This line is never floated. 


DT/R 

DATA TRANSMIT/RECEIVE: Output 
This line is used to control the direction of the bus 
transceiver. ; 
When this line is high, the CPU transmits data, and 
when it is low, the CPU receives data. 
This line is high impedance during hold acknowl- 
edge. 





DEN 

DATA ENABLE: Output 
This line is used to control an output enable of 
the bus transceiver. 
This line is active low. This line is high impedance 
during hold acknowledge. 


HOLD 

HOLD REQUEST: Input 
This line is used for a Bus Request from an other 
device. 
This line is active high. 


HLDA 
HOLD ACKNOWLEDGE: Output 


This line is used for Bus Grant to an other device. 
This line is active high. 


sso 

STATUS: Output 
This line is logically equivalent to SO in the maxi- 
mum mode._ 
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FUNCTIONAL DESCRIPTION 


GENERAL OPERATION 

The internal function of the MSM80C88 consists 
of a Bus Interface Unit (BIU) and an Execution Unit 
(EU). These units operate mutually but perform as 
separate processors. . 

The BIU performs instruction fetch and queueing, 
operand fetch, DATA read and write address relocation 
and basic bus control. By using instruction pre-fetch 
while waiting for decoding and execution of instructions, 
the CPU's performance is increased. Up to 4-bytes of 
instruction stream can be queued. 

The EU receives pre-fetched instructions from the 
BIU queue, decodes and executes instruction and pro- 
vides an un-relocated operand address to the BIU. 


Memory Organization 


SEGMENT 
REGISTER FILE 


DATA SEGMENT 


EXTRA DATA 


SEGMENT 


Memory Reference Need 












External (Global) Data 


MINIMUM AND MAXIMUM MODES 

The MSM80C88 has two system modes: minimum 
and maximum. When using maximum mode, it is easy to 
organize a multi-CPU system with the MSM82C88 Bus 
Controller which generates the bus control signal. | 
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Segment Register Used Segment Selection Rule 
CODE (CS) Automatic with all instruction prefetch. 


EXTRA (ES) 







MEMORY ORGANIZATION | 
The MSM80C88 has a 20-bit address to memory. 


. Each address has an 8-bit data width. Memory is 


Organized OOOOOH to FFFFFH, and is logically divided 
into four segments code, data, extra data and stack 
segment. Each segment contains up to 64 Kbytes and 
locates on a 16-byte boundary. (Fig. 3a) 

All memory references are made relative to the 
segment register according to a select rule. Memory 
location FFFFOH is the start address after reset, and 
OOOOO0H through OO3FFH are reserved as an interrupt 
pointer. There are 256 types interrupt pointer. 

Each interrupt type has a 4-byte pointer element 
consisting of a 16-bit segment address and a 16-bit 
offset address. 


Reserved Memory Locations 


FFFFFH 
RESET BOOTSTRAP 


PROGRAM JUMP 


FFFFOH 


3FFH 
INTERRUPT POINTER 
FOR TYPE 255 
3FCH 
| 


ae 

INTERRUPT POINTER 
FOR TYPE 1 

INTERRUPT POINTER 
FOR TYPE 0 








All stack pushes and pops. Memory references 
relative to BP base register except data references. 







Data references when relative to stack, destination . 
of string operation, or explicitly overridden. 






Destination of string operations: Explicitly selected 
using a segment override. 


When in minimum mode, it is easy to organize a 


simple system by generating the bus control signal 


itself. MN/MX is the mode select pin. Definition of 
31, 34 pin changes depend on the MN/MX pin. 





BUS OPERATION 

The MSM80C88 has a time multiplexed address 
and data bus. If a non-cultiplexed bus in desired for a 
system, it is only needed to add the address latch. 

The CPU bus cycle consists of at least four clock 
cycles. T1, T2, T3 and T4. (Fig. 4) 

The address output occurs during T1, and data 
transfer occurs during T3 and T4. T2 is used for chang- 
ing the direction of the bus at a read operation. When 
the device which is accessed by CPU is not ready to 
transfer data and send to CPU, ‘‘NOT READY” TW 
cycles are inserted between T3 and T4. 

When a bus cycle is not needed, T1 cycles are 
inserted between bus cycles for internal execution. 
At the T1 cycle an ALE signal is output from the CPU 
or the MSM82C88, depending in MN/MS. At the trailing 
edge of ALE, a valid address may be latched. Status bits 
SO, S1 and S2 are used in maximum mode by the bus 
controller to recognize the type of bus operation 
according to the following table. 








= CPU-MSM80C88RS/GS/JS MSM80C88-2RS/GS/JSa 


Status bits S3 through S6 are multiplexed with 
A16—A19, and therefore they are valid during T2 
through T4. S3 and S4 indicate which segment register 
was selected on the bus cycle, according to the follow- 
ing table. 


| sa | 3! Characteristics 


0 (LOW) Eo Alternate Data (Extra Segment) 
at a 


1 Ee a Code or None 
as Data 


S5 indicates interrupt enable Flag. 













1/0 ADDRESSING 


The MSM80C88 has a 64 Kbyte I/O. When the 
CPU addresses an I/O device, address AO—A15 are 
in same format as in memory access, and Ai6—A19 
are low. 


1/O ports address are the same as for memory. 
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Basic System Timing 





(4+N*WAIT) = TCY 










(4 + N*WAIT) = TCY 


T1 | T2 | T3 wart T4 T1 | T2 | 13 Lwart! T4 


CLK: 
GOES INACTIVE IN THE 
STATE JUST PRIOR TO T4 
ALE ; —_| 
se \ Sill es 
A19—A16 A19—A16 


ADDR/ 7 


ADDR A15—A8 | 


BUS RESERVED ,7_ 
A7—A0 FORDATAIN 02/—00 


A15—A8 





VALID 


ae DATA OUT (D7—D0O) }-- * 


READY 


wor TL IL 


WAIT 


WAIT 
DT/R 


MEMORY ACCESS 
TIME 





EXTERNAL INTERFACE 


RESET 

CPU initialization is executed by the RESET pin. 
The MSM80C88’'s RESET High signal is required for 
greater than 4 clock cycles. 

The rising edge of RESET terminates the present 
operation immediately. Falling edge of RESET triggers 


the internal reset sequence for approximately 10 clock 
cycles. After internal reset sequence is finished, normal 
operation begins from absolute location FFFFOH. 


INTERRUPT OPERATIONS 

An interrupt operation is classified as software or 
hardware, and a hardware interrupt is classified as non- 
maskable or maskable. 

Interrupt causes a new program location which 
is defined in interrupt pointer table, according to inter- 
rupt type. Absolute location OOOOOH through OO3FFH 
is reserved for the interrupt pointer table. The interrupt 
pointer table consist of 256-elements. Each element is 
4 bytes insize and corresponds to an 8 bit type number 
which is sent from interrupt request device during the 
interrupt acknowledge cycle. 


NON-MASKABLE INTERRUPT (NM!) 

The MSM80C88 has a Non-maskable Interrupt 
(NM1) which is higher of priority than a maskable 
interrupt request (INTR). 

The NM1 request pulse width needs a minimum of 
2 clock cycles. A NM1 will be serviced at the end of the 
current instruction or between string manipulations. 
MASKABLE INTERRUPT (INTR) 

The MSM80C88 provides an another interrupt 
request (INTR) which can be masked by software. 
INTR is level triggered, so it must be held until the 
interrupt request is anknowledged. 

INTR will be serviced at the end of the currect 
instruction or between string manipulations. 


Interrupt Acknowledge Sequence 


m CPU: MSM80C88RS/GS/JS MSM80C88-2RS/GS/JSa 


INTERRUPT ACKNOWLEDGE | 

During the interrupt acknowledge sequence, 
further interrupts are disabled. An interrupt enable 
bit is reset by any interrupt, after which Flag register 
is automatically pushed onto the stack. During an 
acknowledge sequence. The CPU emits the lock signal 
from T2 of the first bus cycle to T2 of the second bus 
cycle. At the second bus cycle, a byte is fetched from an 
external device as a vector which identifies the type of 
interrupts. This vector is multiplied by four and used as 
a interrupt pointer address (INTR only). 

The Interrupt Return ({RET) instruction includes 
a Flag pop operation which returns the original inter- 
rupt enable bit when it restores the Flag. 


HALT 

When a Halt instruction is executed, the CPU 
enters the Halt state An interrupt request or a RESET 
will force the MSM80C88 out of the Halt state. 


SYSTEM TIMING—MINIMUM MODE 

A bus cycle begins T1 with an ALE signal. The 
trailing edge of ALE is used to latch the address. From 
T1 to T4 the 10/M signal indicates a memory or 1/O 
operation. From T2 to T4, the address data bus changes 
the address bus to a data bus. 

The read (RD), write (WR), interrupt acknowledge 
(INTA) signal causes the addressed device to enable 
the data bus. These signals become active at the begin- 
ning of T2 and inactive at the beginning of T4. 


SYSTEM TIMING —MAXIMUM MODE 
In maximum mode, the MSM82C88 Bus Controller 


_is added to system. The CPU sends status information 


to the Bus Controller. Bus timing signals are generated 
by the Bus Controller. Bus timing is almost the same as 
in the minimum mode. 





| T1 | T2 | T3 [Taft tr | t2 | 13 | 14 | 


i A, nee 


INTA \ 
FLOAT 
ADO—AD7 


TYPE VECTOR 
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DATA TRANSFER 






101i765432%101i765432 1 


























MOV = Move: ; 76543 210!7 65 43 2 

Register/memory to/from register 100 0 1 0d w mod reg r/m 

Immediate to register/memory 11000 1 14 wilmod 0 0 0Q-— r/m data dataif w=1 
Immediate to register 10 1 1 We reg data | data if w= 1 
Memory to accumulator 1010000 w addr-low addr-high . 
Accumulator to memory 10310001 w addr-low addr-high 
Register/memory to segment register 10.00 1 1 1 QO} mod O reg r/m 

Segment register to register/memory 1000110 0 0 

PUSH = Push: 

Register/memory 11717411414 1~«'1 

Register 0101 0 reg 

Segment register | 0 0 O reg 1 1 =0 

POP = Pop: 

Register/memory 100011 714 1 

Register . 0101 41 reg 

Segment register 0 0 O reg 11 =71 


XCHG = Exchange: 


° 
ro) 
ro) 
- 
na 
2 


Register/memory with register | 1 0 
Register with accumulator 100 1 0 reg 


IN = Input from: 


= 


Fixed port 1110010 
Variable port 117 0 1 1 =0 


= 


OUT = Output to: 


Fixed port 111004141 1 WwW 
Variable port 171310731 1 1 w 
XLAT = Translate byte to AL 11031011 ~=1 
LEA = Load EA to register 1000110 1 
LDS = Load pointer to DS 1100-010 1 
LES = Load pointer to ES 11000710 0 
LAHF = Load AH with flags 10011411 4 
SAHF = Store AH into flags 1001 1 1 1 0 
PUSHF = Push flags 10011 10 0 
POPF = Pop flags 10014314 71710 41 


_ 8 SP/S9/SUZ-88908INSIN Sf/SD/SHSSDOSNSW -Ndd 7 


LVL 


ARITHMETIC 


ADD = Add: 





Reg./memory with register to either 
Immediate to register/memory data data if s:w = 01 
Immediate to accumulator data if w 


ADC = Add with carry: 


Reg./memory with register to either f 
Immediate to register/memory . data data if s:w = 01 
Immediate to accumulator data if w 


INC = Increment: 


Register/memory 

Register 

AAA = ASCII adjust for add 
DAA = Decimal adjust for add 


SUB = subtract: 


Reg./memory and register to either 
Immediate from register/memory data data if s:w = 01 
Immediate from accumulator data if w= 1 


SBB = Subtract with borrow: 


Reg./memory and register to either 
Immediate from register/memory data data if s:w = 01 
Immediate from accumulator data if w = 1 


DEC = Decrement: 


Register/memory 
Register 
NEG = Change sign 


CMP = Compare: 


Register/memory and register 

Immediate with register/memory data data if s:w = 01 
Immediate with accumulator data if w = 1 

AAS = ASCII adjust for subtract 
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DAS = Decimal adjust for subtract 
MUL = Multiply (unsigned) 


JMUL = Integer multiply (signed) 
AAM = ASCII adjust for multiply 
DIV = Divide (unsigned) 

IDIV = Integer divide (signed) 

AAD = ASCII adjust for divide 

CBW = Convert byte to word 

CWD = Convert word to double word 


*s, 


0O0oOaA =a |] = =a =~ O 


oo oO r7fF07r7+ = 


a ad ad ad ad a = = CO) 


\ 


~~ OQood0doo°cd- 


7OoO7S 208827 





eee eeneeneenenee eee Sf/SD/SH?-S88D08WSWN Sf/SD/SH88D08NSW -Ndd | 
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LOGIC 


NOT = Invert 

SHL/SAL = Shift logical/arithmetic left 
SHR = Shift logical right 

SAR = Shift arithmetic right 

ROL = Rotate left 

ROR = Rotate right 

RCL = Rotate left through carry 

RCR = Rotate right through carry 


AND = And: 


Reg./memory and register to either 
Immediate to register/memory 
immediate to accumulator 


TEST = And function to flags, no result: 


Register/memory and register 
Immediate data and register/memory 
Immediate data‘and accumulator 


OR = Or: 


Reg./memory and register to either 
Immediate to register/memory 
Immediate to accumulator 


XOR = Exclusive or: 


Reg./memory and register to either 
Immediate to register/memory 
Immediate to accumulator 


STRING MANIPULATION 


REP = Repeat 

MOVS = Move byte/word 

CMPS = Compare byte/word 

SCAS = Scan byte/word 

LODS = Load byte/word to AL/AX 
STOS = Store byte/word from AL/AX 


ee ee ee ee ee ee er | 


wh etd et at at atk oth td 


ooooo0o°o = 


ee ee ee ee ee ee ee} 


oooo 00 00 





ooooo0qo°o = 


<<<< << < 
22222228 


ooo 027+ 0 


==3=0C0-00 = 


”~ oO - O- - 00 


data 
data if w = 1 


data 
data if w 


data 
data if w = 


data 
data if w= 1 


data if w = 1 


data if w = 1 


data if w = 1 


data if w = 1 
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CJMP = Conditional JMP 


JE/JZ = Jump on equal/zero 

JZ/JNGE = Jump on less/not greater or equal 
JLE/JNG = Jump on less or equal/not greater 
JB/JNAE = Jump on below/not above or equal 
JBE/JNA = Jump on below or equal/not above 
JP/JPE = Jump on parity/parity even 

JO = Jump on over flow 

JS = Jump on sign 

JNE/JNZ = Jump on not equal/not zero 
JNL/JGE = Jump on not less/greater or equal 
JNLE/JG = Jump on‘not less or equal/greater 
JNB/JAE = Jump on not below/above or equal 
JNBE/JA = Jump on not below or equal/above 
JNP/JPO = Jump on not parity/parity odd 
JNO = Jump on not overflow 

JNS = Jump on not sign 

LOOP = Loop CX times 

LOOPZ/LOOPE = Loop while zero/equal 
LOOPNZ/LOOPNE = Loop while not zero/equal 
JCXZ = Jump on CX zero 


INT = Interrupt: 


Type specified 

Type 3 

INTO = Interrupt on overflow 
IRET = Interrupt return 


PROCESSOR CONTROL 


CLC = Clear carry 

CMC = Complement carry 
STC = Set carry 

CLD = Clear direction 
STD = Set direction 

CLI = Clear interrupt 

STI = Set interrupt 

HLT = Halt 

WAIT = Wait 

ESC = Escape (to external device) 
LOCK = Bus lock prefix 


whe ek eee ee ee it idee 


caeleelieinee O ? ? ©  @  @  o  ok oom oma) 


ee ee ee ee ee ee ee ee ee ee ee ee F 


— == Om 2 = = wm oe = 


ee ee ee ee ee | 


—=- OO — 2 = 2 = = = = 


Qo0o00d = w& 2 @ 2 = 2 2 2 mm mm er eS wr 


ee ee ee ee ee ee 


o0o0ag0o-0/00+0+0+00++0 


oooooc;coe-ro-r S| O° 0d]H] O22 = 


Ox Oo fH O02" 0+0 


"=~ Odo -"- odo jma]2 ] |] O°Oddao-- =| =~ = OO 


Ox peor-/-/00000 


Ox -O0O-0-0-2=0 


~“O}-0O0.f-2-2 22 e424. 200 00 0000 





—________ss/§/Suz-88908NWSW Sf/SD/SH88D08WSWN -Ndd & 


Sl 


CONTROL TRANSFER 


CALL = Call: 

Direct within segment 
Indirect within segment 
Direct intersegment 


Indirect intersegment 


JMP = Unconditional Jump: 


Direct within segment 
Direct within segment-short 
Indirect within segment 
Direct intersegment 


Indirect intersegment 


RET = Return from CALL: 


Within segment 


Within seg. adding immediate to SP 


Intersegment 


Intersegment adding immediate to SP 





765 43 2 1 
disp-low 
mod 0 1 QO r/m 
offset-low 
seg-low 
Oo 1 1 


disp-low 
disp 
100 
offset-low 
seg-low 


data-low 


data-low 


01765 43 2 
disp-high 


offset-high 
seg-high 


disp-high 


offset-high 
seg-high 


data-high 


data-high 


1 


0|}7 65 43 2 


1 


0 
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Footnotes: 


AL = 8-bit accumulator 

AX = 18-bit accumulator 

CX = Count register 

DS = Data segment 

ES = Extra segment 

Above/below refers to unsigned value 

Greater = more positive 

Less = less positive (more negative) signed value 

if d= 1 then “to” reg: If d= 0 then “from” reg. 

if w = 1 then word instruction: If w = 0 then byte instruction 


If mod = 11 then r/m is treated as a REG field 

If mod = 00 then DISP = 0%, disp-low and disp-high are absent 

If mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is absent 
If mod = 10 then DISP = disp-high: disp-low 


If r/m = 000 then EA = (BX) + (SI) + DISP 

If r/m = 001 then EA = (BX) + (DI) + DISP 

If r/m = 010 then EA = (BP) + (SI) + DISP 

if r/m = 011 then EA = (BP) + (DI) + DISP 

If r/m = 100 then EA = (SI) + DISP 

If r/m = 101 then EA = (DI) + DISP 

If r/m = 110 then EA = (BP) + DISP* 

If r/m = 111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if required) 


* except if mod = 00 and r/m = 110 then EA-disp-high: disp-low 


If s:w = 01 then 16 bits of immediate data form the operand 

If s:w = 11 then an immediate data byte is sign extended to form the 16-bit operand 
if v= O then “count” = 1: If v= 1 then “count” in (CL) 

x = don't care | 

z is used for string primitives for comparison with ZF FLAG 


SEGMENT OVERRIDE PREFIX 





001 reg 110 . 
REG is assigned according to the following table: 

16-Bit (w= 1) 8 Bit (w=0) Segment 
000 AX 000 AL 00 ES 
001 CX 001 CL 01 CS 
010 DX 010 ODL 10 SS 
011 BX , 011 BL. 11 DS 
100 SP 100 AH 
101 BP 101 CH 
110 Si 110 DH 
111 DI 111 BH 


Instructions which reference the flag register file as a 16-bit object use the symbol! FLAGS to represent the file: 


FLAGS = x:x:x:x:(OF):(DF): (IF): (TF): (SF):(ZF):X:(AF):X:(PF):X (CF) 
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8-BIT CMOS MICROPROCESSOR 


OKI semiconductor 


MSM80C88ARS/GS/JS 
MSM80C88A-2RS/GSS 





GENERAL DESCRIPTION 


The MSM80C88A/MSM80C88A-2 are internal 16-bit CPUs with 8-bit interface implemented in Silicon Gate 
CMOS technology. They are designed with the same processing speed as the NMOS 8088/8088-2, but with con- 


siderably less power consumption. 


The processor has attributes of both 8 and 16-bit microprocessor. It is directly compatible with 
MSM80C86A/MSM80C86A-2 software and MSM80C85A/MSM80C85A-2 hardware and peripherals. 


FEATURES 


e 8-Bit Data Bus Interface 

@ 16-Bit Internal Architecture 

© 1 Mbyte Direct Addressable Memory Space 
© Software Compatible with MSM80C86 

@ Internal 14 Word by 16-bit Register Set 

@ 24 Operand Addressing Modes 


FUNCTIONAL BLOCK DIAGRAM 





EXECUTION UNIT 


REGISTER FILE 


DATA 
POINTER AND 
INDEX REGS 
(8 WORDS) 


16BIT ALU 


TEST 
INTR 


e Bit, Byte, Word and String Operations 

© 8 and 16-bit Signed and Unsigned Arithmetic Opera- 
tion : 

e From DC to 5 MHz Clock Rate (MSM80C88A) | 

© From DC to 8 MHz Clock Rate (MSM 80C88A-2) 

@ Low Power Dissipation (10 mA/MHz) 

e Bus Hold Circuitry Eliminates Pull-Up Resistors 





BUS INTERFACE UNIT 


RELOCATION 
REGISTER FILE 


SEGMENT 
REGISTERS 


(5 WORDS) 


BUS 
INTERFACE 
UNIT 


INSTRUCTION 
QUEUE 


NMI CONTROL & 


RO/GTO. 1 C32 


HOLD 
HLDA 


TIMING 


RESET READY MN MX GND 
Vcc 
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PIN CONFIGURATION 


Vcc 
A15 


A16/S3 

A17/S4 

A18/S5 

A19/S6 

SSO (HIGH) 
MN/MX 

RD 

HOLD (RO/GTO) 
HLDA (RQ/GT1) 
WR (LOCK) 
10/M (S2) 
DT/R (S1) 

DEN (SO) 

ALE (QSO) 
INTA (QS1) 
TEST 

READY 

RESET 


Fig. 2a MSM80C88AGS/MSMB0C88A-2GS 


MSM80C88ARS (Top View) 
MSM80C88A-2RS _ 
AO Lead Plastic DIP 


oon nok WN = 


_] SSO (HIGH) 

J HLDA (RO/GT1) 
_} WR (LOCK) 

1 10/M (S2) 


Ww 


28 FJ ALE (QS0) MSM80C88AGS (Top View) 
INTA (QS1) MSM80C88A-2GS 
TEST 56-Lead Plastic Flat Package 
READY 
RESET 
N.C. 
N.C. 
Vec 
GND 
N.C. 
N.C. 


o 


10 11 12 


7, oO N 
Qa a 
qaq<€_ 


2 6 
= a 
< < 


) A16/S3 
i} A17/S4 
1} A18/S5 


PMY 
p~) 
psy 


Fig. 2b MSM80C88AGS/MSMB80C88A-2GS _§ aioq7 NC 
A19/S6 
HIGH FIX (SSO) 
MSMS80C88AUS (Top View) 
MSM80C88A-2JS . 
44 Pin Plastic Leaded Chip Carrier 


nN 


(ALE) QSO G 


(INTA) OS1 
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ABSOLUTE MAXIMUM RATINGS 


Limits 
Parameter Symbol msmgocssARs |msmgocesacs |msmsocssAss | Unit | Conditions 
<3 2RSIMSM80C88A-2GS|MSM80C88A- as ae 


Power Supply Voltage 
Input Voltage -0.5 ~ Vcc +0.5 
Output Voltage -0.5 ~ Vcc +0.5 


Storage Temperature 


Power Dissipation 


OPERATING RANGE 


Parameter Symbol 
MSM80C88A MSM80C88A-2 


| Power Supply Voltage | | Power Supply Voltage | Voltage 3~6 4.75 ~ 5.25 


Operating Temperature - -40 ~ +85 


RECOMMENDED OPERATING ae 


| ss MsmgocssA 
Parameter Symbol 
| min | tye 











Power | Power Supply Voltage _| Voltage 








Operating Temperature 








“L" Input Voltage 











“H” Input Voltage 





*1 Only CLK, *9 Except CLK, Reset and Ready 
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DC CHARACTERISTICS 
(MSM80C86A: Vcc = 4.5V to 5.5V, Ta = —40° to +85°C) 
(MSM80C88A-2: Vcc = 4.75 to 5.25V, Ta = 0°C to +70°C) 


Unit 
““L” Output Voltage VOL ; V lIOoOL =2.5mA 
, IOH = -2.5mA 
“H" Output Voltage VOH Vv 
e 10H =-100KA 


' Input Leak Current F 0<VIi< Vcc 


Input Leakage Current © VIN = 0.8V 
(Bus Hold Low) BHL "#3 

Input Leakage Current VIN =3.0V 
(Bus Hold High) *4 
Bus Hold Low Overdrive a ae 
Bus Hold High Overdrive fF te 


Ta=25°C 
Vcc = 5.5V, Typical 


MA 
A 
WA 
A 
A 
A 


” 
be 
My 

#B 

Operating Power 

Supply Current 


Vin (max) = 
Vcc or GND 
Outputs Unloaded 
ICLK = GND or Vcc 


StandbySupply 
Current 


Input Capacitance 
Output Capacitance 
\/O Capacitance 


-*3, Test conditions is to lower VIN to GND and then raise VIN to 0.8V on pins 2—16 and 35—39. 
*4, Test condition is to raise Vjjy to Vcc and then lower Vjjy to 3.0V on pins 2—16, 26—32, and 34—39. 
*5. An external driver must source at least [git to switch this node from LOW to HIGH. 
*6. An external driver must sink at, least |BHHO to switch this node from HIGH to LOW. 
*7. Test Conditions: a) Freq = 1 MHz. | 
b) Ummeasured Pins at GND. 
c) Vin at 5.0V or GND. 


DTD 
nv 





xe) 
nT 


= 





150 


= CPU: MSM80C88ARS/GS/JS MSM80C88A-2RS/GS/JSa 


A.C. CHARACTERISTICS 


(MSM80C88A: Vc¢ = 4.5V to 5.5V, Ta = 40°C to +85°C) 
(MSM80C88A-2: Vcc = 4.75V to 5.25V, Ta = 0°C to 70°C) 


Minimum Mode System 
Timing Requirements 


Parameter 


CLK Cycle Period 

CLK Low Time 

CLK High Time 

CLK Rise Time (From 1.0V to 3.5V) 
CLK Fall Time (From 3.5V to 1.0V) 


Data in Setup Time 


Data in Hold Time 


RDY Setup Time into MSM 82C84A 
(See Notes 1, 2) 


RDY Hold Time into MSM 82C84A 
(See Notes 1, 2) 


READY Setup Time into MSM 80C88A 
READY Hold Time into MSM 80C88A 
READY inactive to CLK (See Note 3) 
HOLD Setup Time 


INTR, NMI, TEST Setup Time 
(See Note 2) 


input Rise Time (Except CLK) 
(From 0.8V to 2.0V) 


Input Fall Time (Except CLK) 
(From 2.0V to 0.8V) 





Timing Responses 


Parameter 


Address Valid Delay 
Address Hold Time 
Address Float Delay 
ALE Width 
ALE Active Delay 
ALE Inactive Delay 
Address Hold Time to ALE Inactive 
Data Valid Delay 
; Data Hold Time 
Data Hold Time after WR 


Control Active Delay 1 


Control Active Delay 2 


Control Inactive Delay 
Address Float to RD Active 
RD Acrive Delay 


MSM80C88A MSM80C88A-2 ij 
Min | [min [Max | 


TCLCL 200 
TCLCH 118 
TCHCL 69 
TCH1CH2 
TCL2CL1 
TOVCL 
TCLDX 


TRIVCL 


TCLR1X 


TRYHCH 

TCHRYX 

TRYLCL 
THVCH 


TINVCH 





TILIH 


TIHIL 





MSM80C88A MSMB80C88A-2 os 
ve [Mins [Max [Min [Max | 


TCLAV 
TCLAX 
TCLAZ 
TLHLL 
TCLLH 
TCHLL 
TLLAX 
TCLDV 
TCHDX 
TWHDX 
TCVCTV 
TCHCTV 
TCVCTX 
TAZRL 
TCLRL 


10 
10 
TCLAX 
TCLCH-20 


TCHCL-10 
10 
10 
TCLCH-30 
10 
10 








10 
10 
TCLAX 
TCLCH-10 


TCHCL-10 
10 
10 
TCLCH-30 
10 
10 
10 
0 
10 
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Parameter 


RD Inactive Delay 






RD Inactive to Next Address Active 
HLDA Valid Delay 

RD Width 

WR Width 

Address Valid to ALE Low 

Output Rise Time (From 0.8V to 2.0) 
Output Fall Time (From 2.0V to 0.8V) 


Notes: 1. 


Symbol 


TCLRH 
-TRHAV 
TCLHAV 
TRLRH 
TWLWH 


TAVAL | 


TOLOH 
TOHOL 


MSM80C88A - MSM80C88A-2 


10 80 
TCLCL-45 TCLCL-40 
10 10 
2TCLCL-75 2TCLCL-50 
2TCLCL-60 2TCLCL-40 
| TCLCH-60 TCLCH-40 | 


Signals at MSM82C84A shown for reference only.. 


2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T2 state. (8 ns into T3) 


Maximum Mode System (Using MSM 82C88 Bus Controller) 


Timing Requirements 


Parameter - 





CLK Cycle Period 

CLK Low Time 

CLK High Time. 

CLK Rise Time (From 1.0V to 3.5V) 
CLK Fall Time (From 3.5V to 1.0V) 
Data in Setup Time 

Data in Hold Time 


RDY Setup Time into MSM 82C84A 
(See Notes 1, 2) 


RDY Hold Time into MSM 82C84A 
(See Notes 1, 2) 


READY Setup Time into MSM 80C88A 
READY Hold Time into MSM 80C88A 
READY inactive to CLK (See Note 3) 


Set up Time for Recognition (NMI, 
INTR, TEST) (See Note 2) 


RO/GT Setup Time 
RO Hold Time into MSM 80C88A 


Input Rise Time (Except CLK) 
(From 0.8V to 2.0V) 


Input Fall Time (Except CLK) 
(From 2.0V to 0.8V) 


TCLCL 
TCLCH 
TCHCL 
TCH1CH2 
TCL2CL1 
TDVCL 
TCLDX 


TRIVCL 


TCLR1X 


TRYHCH 
TCHRYX 
TRYLCL 


TINVCH 


TGVCH 
TCHGX 


TILIH 


TIHIL 


MSM80C88A MSM80C88A-2___ 


Unit 


200 
118 


69 
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Timing Responses 









é ee MSM80C88A MSM80C88A-2 ij 
— la 
5 5 


Command Active Delay (See Note 1) TCLML 45 35 ns 
Command Inactive Delay (See Note 1) TCLMH 5 35 5 35 ns 













READY Active to Status Passive 
(See Note 4) 


Status Active Delay TCHSV | 10 110 10 60 ns 


TRY HSH 110 65 ns 














Status !nactive Delay TCLSH 10 130 10 70 ns 
Address Valid Delay TCLAV 10 110 10 60 ns 
Address Hold Time’ TCLAX 10 10 ns 
Address Float Delay TCLAZ ! TCLAX 80 TCLAX 50 ns 
Status Valid to ALE High (See Note 1) TSVLH 35 20 ns 
Status Valid to MCE High (See Note 1) TSVMCH 35 30 ns 






CLK low to ALE Valid (See Note 1) TCLLH 35 20 ns 
CLK Low to MCE High (See Note 1) TCLMCH 35 25 ns 
ALE Inactive Delay (See Note 1) TCHLL 4 35 4 18 ns 
MCE Inactive Delay (See Note 1) TCHMCL 35 45 ns 
Data Valid Delay. TCLDV 10 110 10 60 ns 
| Data Hold Time TCHDX 10 10 ns 
Control Active Delay (See Note 1) TCVNV 5 45 5 | 45 ns 
Control Inactive Delay (See Note 1) TCVNX 5 45 10 45 - ns 
Address Float to RD Active | TAZRL 0 0 ns 
RD Active Delay TCLRL 10 165 10 | 100 ns 
RD Inactive Delay TCLRH 10 150 10 80 “ns 
RD Inactive to Next Address Active TRHAV TCLCL-45 TCLCL-40 ns 




































































Direction Contro! Active Delay 










(See Note 1) TCHDTL 50 50 ns 
eens Inactive Delay TCHDTH 35 30 a 
GT Active Delay TCLGL 0 85 0 50 ns 
GT Inactive Delay TCLGH 0 85 0 50 ns 
RD Width TRLRH  |2TCLCL-75 2TCLCL-50 ns 






Output Rise Time (From 0.8V to 2.0V) | TOLOH 15 15 ns 
Output Fall Time (From 2.0V to 0.8V) TOHOL 15 15 ns 






Notes: 


Signals at MSM 82C84A or MSM 82C88 are shown for reference only. 

Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
Applies only to T2 state (8 ns into T3) 

Applies only to T3 and wait states. 


et a oe 
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\ 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT | 





2.4 . 
TEST POINTS 
150 +————__________ +15 


0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V 
FOR A LOGIC ‘1’ AND 0.45V FOR A LOGIC 
“O" TIMING MEASUREMENTS ARE 1.5V FOR 
BOTH A LOGIC "1" AND “0” ' 


Cy INCLUDES JIG CAPACITANCE 


TIMING CHART 


Minimum Mode 


T4 


Be —- 
> See aaa 
me tote op 


v1 T3 T 
TCLCL — TCHICH2 TCL2CL1 | 


VIH 
CLK (MSM 82C84A Output) 


PL eee 
TCHDOX 
TCLAX 


TCLLH —> 
ALE 


TRIVCL 


| a 





READY aaa : 
TCLAX 
; ad: — 


mpanayeus iam a 
(NOTE 1) TCHCTV TCHCTV 
(WR, INTA = Von) TCLRL - TRLRH 
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Minimum Mode (Continued) 


T2 T3 


Tw 
oa TCL2cL1 ¥¢ 

TCHICH2 

VIH 


CLK (MSM 82C84A Output) . 
_ Tenet Se 
TCHCTV 


et fs TCLAX i a hoe 


TCHDX 


TWHDX 
WRITE CYCLE 
(NOTE 1) 
(RO, INTA, 
DT/R = Vou) 
peas TWLWH 
BE Po EDS i TCLDX 
| pa 
AD7—ADO RLOAT aw FLOAT 
TL TCHCTV TCHCTV 
INTA CYCLE 


(NOTES 1 & 3) 


(RO, WR = Voy wy 
BHE = Vout) 


iL INVALID ADDRESS’ SOFTWARE HALT TCLAV 





NOTES: 

1. All signals switch between Voy and Vo_ unless otherwise specified. 

2. RDY is sampled near the end of T2, T3, TW to determine if TW machines states are to be inserted. 

3 Two INTA cycles run back-to-back. The MSM80C88A LOCAL ADDR/DATA BUS is floating during both INTA 
cycles. Control signals shown for second INTA cycle. 

4. Signals at MSM 82C84A shown for reference only. 

5. All timing measurements are made at 1.5V unless otherwise noted. 
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Maximum Mode 


-T1 . T2 . 3 
| TCHICH2 —|}e-TCL2CL1 . 
TCLCL——-+ Hg 


TCLAV = TCHCL 


mm 
we fT IXt TY pp 
pes] | Siang 
$2, ST, SO (EXCEPT HALT) hs Mf 
toe 


A15—A8 


CLK (MSM82C84A ourru 
Vit 


A19/S6—A16/S3 
ALE (MSM82C88 
OUTPUT) 
SEE NOTE 5 


RDY (MSM 82C84A INPUT) 


READY (MSM 80C88A INPUT) 


READ CYCLE 
- AD7—ADO 





TCLRL bes : TRLRH 
TCHDTL a TCHDTH 


MSM 82C88 TCLML TCLMH 
OUTPUTS = 
SEE NOTE 5,6 


TCVNV - 


TCVNX 
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Maximum Mode (Continued) 


VIH 
CLK (MSM82C84A OUTPUTS) 
VIL 


$2, $1, SO (EXCEPT HALT) | 1.1. | WY (See note 8) 


TCHDX 
WRITE CYCLE 


| Tovnx—= 


TCLMH 
MSM 82C88 OUTPUTS 
SEE NOTES 5,6 


TCLMH 





INTA CYCLE 


A15-A8 
(SEE NOTES 3 & 4) FLOAT 


TCLOX 


TCHDTH 





MSM 82C88 OUTPUTS 
SEE NOTES 5,6 





DEN 


(DEN - Vo_: RD, MROC, ORC, MWTC, AMWC, 
\OWC, AIOWC, INTA, - Voy) 


SOF TWARE HALT 





AOD?7- ADO, A15-—A8 = INVALID ADDRESS 


TCLAV 





NOTES: 

1. All signals switch between Voy and Vo unless otherwise specified. 

2. RDY is sampled near the end of T2,T3, TW to determine if TW machines states are to be inserted. 

3. Cascade address 1s valid between first and second INTA cycle. 

4. Two INTA cycles run back-to-back. The MSM 80C88A LOCAL ADDR/DATA BUS is floating during both INTA cycles 

Control for pornter address 1s shown for second INTA cycle. 

Signal at MSM 82C84A and MSM82C88 shown for reference only. 

6. The issuance of the MSM 82C88 command and control signals (MRDC, MWTC, AMWC, IORC, 1OWC, AIOWC, INTA 
and DEN) lags the active high MSM 82C88 CEN. 

7. All timing measurements are made at 1.5V unless otherwise noted. 

8. Status inactive in state just prior to T4. 


a 
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Asynchronous Signal Recognition 


- TINVCH (SEE NOTE 1) 


NMI 
INTR SIGNAL 
TEST 


NOTE: 1. SETUP REQUIREMENTS FOR ASYNCHRONOUS 
SIGNALS ONLY TO GUARANTEE RECOGNITION 
AT NEXT CLK. 








Bus Lock Signal Timing (Maximum Mode Only) Reset Timing 


TCLDX 


ey 


> 4CLK CYCLES 





Any CLK Cycle 


TCLGL 


PULSE 1 PULSE 3 


PULSE2 | __ PROCESSOR 
POFROCESSOR MSM 80C88 GT PELE ASE’ 


Previous grant 


AD7—ADO, A15—AB { 
19/S6—-A16/S3 
erst SO, MSM 80C88A COPROCESSOR 


RD, COCK sete 





(SEE NOTE 1) 
NOTE: 1. THE COPROCESSOR MAY NOT DRIVE THE BUSSES OUTSIDE 
THE REGION SHOWN WITHOUT RISKING CONTENTION. 





Hold/Hold Acknowledge Timing (Minimum Mode Only) 


>1CLK CYCLE 1OR 2CYCLES 


Pn 
ey 


AD7—ADO, A15—A8 

A19/S6—A16/S3, MSM 80C88A COPROCESSOR MSM 80C88A 
RD, 

10/M. Ss 

DT/R, WR, DEN 
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PIN DESCRIPTION 


ADO-AD7. 

ADDRESS DATA BUS: Input/Output 
These lines are the multiplexed address and data 
bus. 
These are the address bus at T1 cycle and the data 
bus at T2, T3, TW and T4 cycle. 
T2, T3, TW and T4 cycle. 
These tines are high impedance during interrupt 
acknowledge and hoid acknowledge. 


A8—A15 

ADDRESS BUS: Output 
These lines are the address bus bits 8 thru 15 at all 
cycles. 
These lines do not have to be latched by an ALE 
signal. 
These lines are high impedance during interrupt 
acknowledge and hold acknowledge. 


A16/S3, A17/S4, A18/S5, A19/S6 
ADDRESS/STATUS: Output 
These are the four most significant address as at 
the T1, cycle. 
Accessing 1/O port address, these are low at T1 
Cycles. 
These lines are Status lines at the T2, T3, TW 
and T4 Cycle. 
S5 indicate interrupt enable Flag. 
S3 and S4 are encoded as shown. 


| sa | sa | Characteristics 
| o | o | Alternate Data 
Ea ee | 













These lines are high impedance during hold acknowl- 
edge. 


RD 

READ: Output 
This lines indicates that the CPU is in a memory 
or 1/O read cycle. 
This line is the read strobe signal when the CPU 
reads data from a memory or 1/O device. 
This tine is active low. . 
This line is high impedance during hold acknowl- 
edge. 


READY 

READY: Input 
This line indicates to the CPU that an addressed 
memory or I/O device is ready to read or write. 
This line is active high. 
IF the setup and hold time are outof specification, 
an illegal operation will occur. 


INTR 

INTERRUPT REQUEST: Input 
This line is a level triggered interrupt request signal 
which is sampled during the last clock cycle of 
instruction and string manipulations. 
It can be internally masked by software. 
This signal is active high and internally synchro- 


nized. 
TEST 
TEST: Input 


This line is examined by a “‘WAIT” instruction. 
When TEST is high, the CPU enters an idle cycle. 
When TEST is low, the CPU exits an idle cycle. 


NMI 
NON MASKABLE INTERRUPT: Input 
This line causes a type 2 interrupt. 
NMI is not maskable. 
This signal is internally synchronized and needs a 2 
clock cycle pulse width. 


RESET 

RESET: Input 
This signal causes the CPU to initialize immediately. 
This signal is active high and must be at least four 
clock cycles. 


CLK 

CLOCK: Input 
This signal provide the basic timing for an internal 
circuit. 


MN/MX 

MINIMUM/MAXIMUM: Input 
This signal selects the CPU's operate mode. 
When Vcc is connected, the CPU operates in 
minimum mode. 
When GND is connected, the CPU operates in 
maximum mode. 


Vec 
Vcc +3 — +6 V supplied. 


GND 
GROUND 


The following pin function descriptions are for 
maximum mode only. 
Other pin functions are already described. 


159 








m CPU-MSM80C88ARS/GS/JS MSM80C88A-2RS/ eS 


SO, S1,S2_ 

STATUS: Output 
These lines indicate bus status and they are used by 
the MSM82C88 Bus Controller to generate all 
memory and 1/O access control signals. 
These lines are high impedance: during hold 
acknowledge. 
These status lines aré encoded as shown. 


| 82 |si{so| Characteristics | 
0 (LOW) fo | o | Interrupt acknowledge 
Read 1/O Port 


Write !/O Port 





RQ/GTO 

RO/GT1 

REQUEST/GRANT: Input/Output 
These lines are used for Bus Request from other 
devices and Bus GRANT to other devices. 
These lines are bidirectional and active low. 


LOCK 

LOCK: Output 
This line is active low. 
When this line is low, other devices can not gain 
control of the bus. . 
This line is high impedance during hold acknowl- 
edge. 


QSs0/QS1 

QUEUE STATUS: Output 
These are Queue Status Lines that indicate imernal 
instruction queue status. 


[asi Taso [characteristics 
potow) | 0 | NoOperstion 


First Byte of Op Code from 
Queue 


1 (HIGH) OF | Empty the Queue 
Pe ea Subsequent Byte from Queue 







The following pin function descriptions are mini- 
mum mode only. Other pin functions. are already 
described. 


i0o/M | 

STATUS: Output 
This line selects memory address space or 1!/O 
address space. 
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When this line is low, the CPU selects memory 
address space and when it is high, the CPU selects 
1/O address space. 

This line is high impedance during hold acknowl- 
edge. 


WR 


WRITE: Output 
- This line indicates that the CPU is ina memory or 
1/O write cycle. 
This line is a write strobe signal when the CPU 
writes data to memory or an 1/O device. 
This line is active low. 
This line is high impedance during hold acknowl- 
edge. 


INTA 

INTERRUPT ACKNOWLEDGE: Output 
This line is a read strobe signal for the interrupt 
accknowledge cycle. 
This line is active low. 


ALE 

ADDRESS LATCH ENABLE: Output 
This line is used for latching an address into the 
MSM82C12 address latch it is a positive pulse and 
the trailing edge is used to strobe the address. This 
line in never floated. 


DT/R 

DATA TRANSMIT/RECEIVE: Output 
This line is used to control the direction of the bus 
transceiver. 
When this line is high, the CPU transmits data, 
and when it is low, the CPU receive data. 
This line is high impedance during hold acknowl- 
edge. 


DEN 

DATA ENABLE: Output 
This line is used to control the output enable of — 
the bus transceiver. 
This line is active low. This line is high impedance 
during hold acknowledge. 


HOLD 

HOLD REQUEST: Input 
This line is used for a Bus Request from an other 
device. 
This line is active high. 


HLDA 

HOLD ACKNOWLEDGE: Output 
This line is used for a Bus Grant to an other 
device. 
This line is active high. 


sso 

STATUS: Output 
This line is logically equivalent to SO in the maxi- 
mum mode. 





STATIC OPERATION 


All MSM80C88A circuitry is of static design. Inter- 
nal registers, counters and latches are static and require 
no refresh as with dynamic circuit design. This elimi- 
nates the minimum operating frequency restriction 
placed on other microprocessors. The MSMB80C88A can 
operate from DC to the appropriate upper frequency 
limit. The processor clock may be stopped in either 
state (high/low) and held there indefinitely. This type of 
operation is especially useful for system debug or power 
critical applications. 


The MSM80C88A can be signal stepped using only 
the CPU clock. This state can be maintained as long as is 
necessary. Single step clock operation allows simple 
interface circuitry to provide critical information for 
bringing up your system. 


Static design also allows very low frequency opera- 
tion (down to DC). In a power critical situation, this 
can provide extremely low power operation since 
80C88A power dissipation is directly related to operating 
frequency. As the system frequency is reduced, so is the 
operating power until, ultimately, at a DC input fre- 
quency, the MSM80C88A power requirement is the 
standby current (500 nA maximum). 


FUNCTIONAL DESCRIPTION 


GENERAL OPERATION 

The internal function of the MSM80C88A consist 
of a Bus Interface Unit (BIU) and an Execution Unit 
(EU). These units operate mutually but perform as 
separate processors. 


Memory Organization 


SEGMENT 


REGISTER FILE 


EXTRA DATA 


SEGMENT 
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The BLU performs instruction fetch and queueing, 
operand fetch, DATA read and write address relocation 
and basic bus control. By performing instruction pre- 
fetch while waiting for decoding and execution of 
instruction, the CPU’s performance is increased. Up to 
4-bytes fo instruction stream can be queued. 

EU receives pre-fetched instructions from the BIU 
queue, decodes and executes instructions and provides 
an un-relocated operand address to the BIU. 


MEMORY ORGANIZATION 

The MSM80C88A has a 20-bit address to memory. 
Each address has 8-bit data width. Memory is organized 
QOO00OH to FFFFFH and is logically divided into four 
segments: code, data, extra data and stack segment. 
Each segment contains up to 64 Kbytes and locates on 
a 16-byte boundary. (Fig. 3a) 

All memory references are made relative to a seg- 
ment register according to a select rule. Memory !oca- 
tion FFFFOH is the start address after reset, and OOOOOH 
through OO3FFH are reserved as an interrupt pointer, 
There are 256 types of interrupt pointer; 

Each interrupt type has a 4-byte pointer element 
consisting of a 16-bit segment address and a 16-bit 
offset address. 


Reserved Memory Locations 


FFFFFH 
RESET BOOTSTRAP 


PROGRAM JUMP 


FFFFOH 


INTERRUPT POINTER 
FOR TYPE 255 


INTERRUPT POINTER 
FOR TYPE 1 


INTERRUPT POINTER] 3H 
FOR TYPE 0 





161 








m CPU-MSM80C88ARS/GS/JS MSM80C88A-2RS/ GS/JS a#—£@—_________—_ 


Memory Reference Need 













MINIMUM AND MAXIMUM MODES 

The MSM80C88A has two system modes: mini- 
mum and maximum. When using the maximum mode, it 
is easy to organize a multiple-CPU system with the MSM 
82C88 Bus Controller which generates the bus control 
signal. 

When using the minimum mode, it is easy to orga- 
nize a simple system by generating the bus control 
signal itself. MN/MX is the mode select pin. Definition 
of 24-31, 34 pin changes depends on the MN/MX pin. 


BUS OPERATION 

The MSM80C88A has a time multiplexed address 
and data bus. If a non-multiplexed bus is desired for the 
system, it is only needed to add the address latch. 

A CPU bus cycle consists of at least four clock 
cycles: T1, T2, T3 and T4. (Fig. 4) 

The address output occurs during T1, and data 
transfer occurs during T3 and T4. T2 is used for chang- 
ing the direction of the bus during read operation. When 
the device which is accessed by the CPU is not ready 
to data transfer and send to the CPU “NOT READY’” is 
indicated TW cycles are inserted between T3 and T4. 

When a bus cycle is not needed, T1 cycles are 
inserted between the bus cycles for internal execution. 
At the T1 cycle an ALE signal is output from the CPU 


or the MSM82C88 depending in MN/MX. at the trail- | 


ing edge of an ALE, a valid address may be latched. 


Status bits SO, S1 and S2 are uased, in maximum mode, | 


by the bus controller to recognize the type of bus 
Operation according to the following table. 











Write Data to Memory 
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’ Segment Register Used Segment Selection Rule 
CODE (CS) Automatic with all instruction prefetch. 


External (Global) Data EXTRA (ES) 







$2 
0 (LOW) Interrupt acknowledge 


als 

roto. 

Pola | peeve 
Papo] wien 
io a ae eT 
Po [o| icon Fem 
Po + [Reed Ona rom Memory 
EK: 
es 


Passive (no bus cycle) 


All stack pushes and pops. Memory references 
relative to BP base register except data references. 





Data references when relative to stack, destination | 
of string operation, or explicitly overridden. 









Destination of string operations: Explicitly selected 
using a segment override. 


Status bit S3 through S6 are multiplexed with 
A16-—A19, and therefore they are valid during T2 — 
through T4. S3 and S4 indicate which segment register 
was selected on the bus cycle, according to the follow- 
ing table. 











zy Alternate Data (Extra Segment) 
a 


1 (HIGH) Code or None 
Data 


Peme slou 


S5 indicates interrupt enable Flag. 





1/0 ADDRESSING 
The MSM80C88A has a 64 Kbyte I/O. When the 
CPU accesses an 1/O device, address AO—A15 are in 
same format as a memory access, and A16--A19 are low. 
_1/O ports address are same as four memory. 
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Basic System Timing 


(4 +N*WAIT) = TCY (4+ N*WAIT) = TCY 





T1 | T2 | T3 wait| T4 T1 | T2 | T3 wart! T4 


CLK 
GOES INACTIVE IN THE 
STATE JUST PRIOR TO T4 
ALE a) 
sesso \ iil] i} 
A19—A16 : A19—A16 


ADDR/ 
ADDR A15—A8 A15—A8 


BUS RESERVED p75 
A7—A0 FOR DATA IN aver 





ADDR/ DATA OUT (D7—DO) >- 
DATA 





READY READY 


wor QL _. 


WAIT ' WAIT 


’ DT/R 


MEMORY ACCESS 
TIME 


WR | 
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EXTERNAL INTERFACE 


RESET 

CPU initialization is executed by the RESET pin. 
The MSM80C88A's RESET High signal is required for 
greater than 4 clock cycles. 

The rising edge of RESET terminates the present 
operation immediately. The falling edge of RESET 
triggers an internal reset requence for approximately 10 
clock cycles. After internal reset sequence is finished, 


normal operation begins from absolute location FF FFOH. 


INTERRUPT OPERATIONS 

The interrupt operation is classified as software or 
hardware, and hardware interrupt is classified as non- 
markable or maskable. 

An interrupt causes a new program location which 
is defined by the interrupt pointer table, according to 
the interrupt type. Absolute location QOOOOH through 
OO3F FH is reserved for the interrupt pointer table. The 
interrupt pointer table consists of 256-elements. Each 
element is 4 bytes in size and corresponds to an 8-bit 


type number which is sent from an interrupt request 


device during the interrupt acknowledge cycle. 


NON-MASKABLE INTERRUPT (NMI) 

The MSM80C88A has a non-maskable Interrupt 
(NM1) which is of higher priority than a maskable 
interrupt request (INTR). 

An NM1 request pulse width needs minimum of 2 
clock cycles. The NM1 will be serviced at the end of the 
current instruction or between string manipulations. 
MASKABLE INTERRUPT (INTR) 

The MSM80C88A provides another interrupt 
request (INTR) which can. be masked by software. 
INTR is level triggered, so it must be held until interrupt 
request is acknowledged. 

The INTR will be serviced at the end of the current 
instruction or between string manipulations. 


Interrupt Acknowledge Sequence 


INTERRUPT ACKNOWLEDGE 

During the interrupt acknowledge sequence, — 
further interrupts are disabled. The interrupt enable bit 
is reset by any interrupt, after which the Flag register is 
automatically pushed onto the stack. During an acknow- 
ledge sequence, the CPU emits the lock signal from T2 
of first bus cycle to T2 of second bus cycle. At the se- 


cond bus cycle, a byte is fetched from the external 
device as a vector which identifies the type of inter- 


rupt. This vector is multiplied by four and used as an 
interrupt pointer address (INTR only). . 

The {Interrupt Return (IRET) instruction includes 
a Flag pop operation which returns the original inter- 
rupt enable bit when it restores the Flag. 


HALT | 

When a Halt instruction is executed, the CPU enter 
Halt state. An interrupt request or RESET will force the 
MSM80C88A out of the Halt state. 


SYSTEM TIMING—MINIMUM MODE 

A bus cycle begins at T1 with an ALE signal. The 
trailing edge of ALE is used to latch the address. From 
T1 to T4 the 1O/M signal indicates a memory or 1/O 
operation. From T2 to T4, the address data bus changes 
the address bus to the data bus. 

The read (RD), write (WR), and interrupt acknowl- 
edge (INTA) signals caused the addressed device to 
enable the data bus. These signals become active at the 
beginning of T2 and inactive at the beginning of T4. 


SYSTEM TIMING—MAXIMUM MODE 

In maximum mode, the MSM82C88 Bus Controller 
is added to system. The CPU sends status information to 
the Bus Controller. Bus timing signals are generated by 
the Bus Controller. Bus timing is almost the same as in 
minimum mode. 


| T1 | 72 | 73 | Taft] Tr | T2 | 13 | 14 | 


LOCK \ / | 


INTA \ 
FLOAT 
ADO—AD7 : 
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BUS HOLD CIRCUITRY 


To avoid high current conditions caused by float- 
ing inputs to CMOS devices, and to eliminate the need 
for pull-up/down resistors, ‘‘bus-hold’ circuitry has 
been used on 80C86 pins 2—16, 26—32, and 34—39 
(Figures 6a, 6b). These circuits will maintain the last 
valid logic state if no driving source is present (i.e. an 
unconnected pin or a driving source which goes to a 
high impedance _ state). 


To overdrive the ‘‘bus- 
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hold’’ circuits, an external driver must be capable of 
supplying approximately 400 ywA minimum sink or 
source current at valid input voltage levels. Since this 
“bus hold” circuitry is active and not a ‘‘resistive’’ type 
element, the associated power supply current is negli- 
gible and power dissipation is significantly reduced 
when compared to the use of passive pull-up resistors. 


“PULL-UP/PULL-DOWN” 


OUTPUT 
DRIVER. 


INPUT 
BUFFER 


EXTERNAL 
PIN 


INPUT 


PROTECTION 


CIRCUITRY 


Input Buffer exists only on 1/O pins 





Figure 6a. Bus hold circuitry pin 2-16, 35-39. 


“PULL-UP” 


OUTPUT 
DRIVER 


INPUT 
BUFFER 


0 
'] 
( 
t 
6 
‘ 
8 
A 


EXTERNAL 
PIN 


INPUT 
PROTECTION 
CIRCUITRY 


Input Buffer exists only on I/O pins 





- Figure 6b. Bus hold circuitry pin 26-32, 34 
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DATA TRANSFER a 
MOV = Move: 76543210:1i76543210:376543210'/7 654321 3 
Register/memory to/from register 100 0 1 0d w{ mod reg r/m c 
Immediate to register/memory . 110 0-0 1 1 wimod 0 0 0=— f/m data data if w=1 x 
Immediate to register 101 1 W~ reg data data if w=1 = 
Memory to accumulator 101 0000w addr-low addr-high = 
Accumulator to memory 1010001 w addr-low addr-high © 
Register/memory to segment register 100-0 1 1 1 0} mod O reg r/m ; 5 
Segment register to register/memory 1000 1 1 0 0} mod O reg r/m © 

o 
PUSH = Push: = | 
Register/memory 1114 1 14 14 1 =t) mod 1 °1 °0— rim ” 
Register . 0101 0=— reg G) 
Segment register 000 reg 11 0 ” 
Gc 
POP = Pop: 
Register/memory 10001 11 1}mod 0 0 0-— ¢t/m ” 
Register 0101 1 reg = 
Segment register 0 O O reg 11 #1 ro! 
©. 
XCHG = Exchange: > 
Register/memory with register 1000 0 1 #1 wi mod reg r/m > 
Register with accumulator 100 1°0~=— teg 5 
x?) 
IN = Input from: > 
Fixed port | 11100%10w port ” 
Variable port 17131031 1 0Ww S 
-OUT = Output to: 
Fixed port 11100471 xi w port 
Variable port 111031314 1 WwW 
XLAT = Translate byte to AL 11010311 41 
LEA = Load EA to register 10001 1 0 1} mod reg r/m 
LDS = Load pointer to DS 11000 1 0 1}; mod reg r/m 
LES = Load pointer.to ES 1100 0 1 0O QO} mod reg r/m 
LAHF = Load AH with flags 10031111 ~21 
SAHF = Store AH into flags 1001 1 1 1 0 
PUSHF = Push flags’ 100% 1100 
POPF = Pop flags 1001110 41 


LOL 


_ ARITHMETIC 


ADD = Add: 


Reg./memory with register to either 


Immediate to register/memory 
| Immediate to accumulator 


ADC = Add with carry: 


Reg./memory with register to either 
immediate to register/memory 
Immediate to accumulator 


INC = Increment: 


Register/memory 

Register ; 
AAA = ASCII adjust for add 
DAA = Decimal adjust for add 


SUB = subtract: 


Reg./memory and register to either 


Immediate from register/memory 
Immediate from accumulator 


SBB = Subtract with borrow: 


Reg./memory and register to either 
Immediate from register/memory 
Immediate from accumulator 


DEC = Decrement: 


Register/memory 
Register 
NEG = Change sign 


CMP = Compare: 


Register/memory and register 
Immediate with register/memory 
Immediate with accumulator 
AAS = ASCII adjust for subtract 





data data if s:w = 01 
data if w= 1 


data data if s:w = 01 
data if w= 1 


data data if s:w = 01 
data if w= 1 


data ’ data if s:w = 01 
data if w= 1 


data data if s:w = 01 
data if w = 1 
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g9Ol 


DAS = Decimal! adjust for subtract 
MUL = Multiply (unsigned) 

JMUL = Integer multiply (signed) 
AAM = ASCII adjust for multiply 
DIV = Divide (unsigned) 

IDN1V = Integer divide (signed) 

AAD = ASCII adjust for divide 

CBW = Convert byte to word 

CWD = Convert word to double word 


0 
1 
1 
1 
1 
1 
1 
1. 
1 


oos.- -~ =~ = = - © 


0oo0o0OfF=20 = = -« 


= a ot ee SO 


~_- O0oOo0ndcdcdoo- 


0o0OoO3 = =| =& =| = = 


ooo 02 42 = 


-~O-ss 088 -~ 
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LOGIC 


NOT = Invert 

SHL/SAL = Shift logical/arithmetic left 
SHR = Shift logical right 

SAR = Shift arithmetic right 

ROL = Rotate left 

ROR = Rotate right 

RCL = Rotate left through carry 

RCR = Rotate right through carry 


AND = And: 


Reg./memory and register to either 
Immediate to register/memory 
Immediate to accumulator 


TEST = And function to flags, no result: 


Register/memory and register 
Immediate data and register/memory 
Immediate data‘and accumulator 


OR = Or: 


Reg./memory and register to either 
Immediate to register/memory 
Immediate to accumulator 


XOR = Exclusive or: 


Reg./memory and register to either 
Immediate to register/memory 
Immediate to accumulator 


STRING MANIPULATION 


REP = Repeat 

MOVS = Move byte/word 

CMPS = Compare byte/word 

SCAS = Scan byte/word 

LODS = Load byte/word to AL/AX 
STOS = Store byte/word from AL/AX 


De ee ee ee ee ee ee | 


— a od od od od od 
e 
ooo 0o0o 00 = 





ee ee ee ee ee ee ee | 


DO0O000OC0 00 


ooo0o0o0co°o = 


€< << < < < < = 


2222222 8% 


ooo 0 7+ 0 


=-=-=0O00-00 = 


-~O-" 02-00 


data 
data if w = 1 


data 
data if w= 1 


data 
data if w= 1 


data 
data if w= 1 


data if w = 1 


data if w = 1 


data if w= 1 


data if w = 1 
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CJMP = Conditional JMP 


JE/JZ = Jump on equal/zero 

JZ/JNGE = Jump on less/not greater or equal 
JLE/JNG = Jump on less or equal/not greater 
JB/JNAE = Jump on below/not above or equal 
JBE/JNA = Jump on below or equal/not above 
JP/JPE = Jump on parity/parity even 

JO = Jump on over flow 

JS = Jump on sign | 

JNE/JNZ = Jump on not equal/not zero 
JNL/JGE = Jump on not less/greater or equal 
JNLE/JG = Jump on not less or equal/greater 
JNB/JAE = Jump on not below/above or equal 
JNBE/JA = Jump on not below or equal/above 
JNP/JPO = Jump on not parity/parity odd 
JNO = Jump on not overflow 

JNS = Jump on not sign 

LOOP = Loop CX times 

LOOPZ/LOOPE = Loop while zero/equal 
LOOPNZ/LOOPNE = Loop while not zero/equal 
JCXZ = Jump on CX zero 


INT = Interrupt: 


Type specified 

Type 3 

INTO = Interrupt on overflow 
IRET = Interrupt return 


PROCESSOR CONTROL 


CLC = Clear carry 

CMC = Complement carry 
STC = Set carry 

CLD = Clear direction 
STD = Set direction 

CLI = Clear interrupt 

STI = Set interrupt 

HLT = Halt 

WAIT = Wait 

ESC = Escape (to external device) 
LOCK = Bus lock prefix 


---=000000T0DCDCOCOCOOOO 


Ce ee ee ee ee ee ee ee ee ee 


wa eh ad od ott =o od ot wh ot ot ao oe att td ow at el ek let 


1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 


= ©O OO -— —@ ow ww wi ot ot = 


I ee ee ee ee ee ee ee ee ee ee ee Se ee ae | 


Ge ee er ee ee ee ee ee ee | 


Oaoao0o0°0 @ = w &@ 2 aw aw we od or et er ow os we 


COoO0OO}-0+-0027+0+-/0700++0 


oOo" =| ©O -— = 2 =a = CO = 


ooooo0ocoreor-r- Oo 0o0}-0r +24 


ox Oo RP O03" -" 0-0 


-~O0-002242+0000--2-00 


ox PP OF SK OOC0C CO 


= 0" 0 — — ='a3a |= =~ = = Ooododo0oddodo 
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CONTROL TRANSFER 


CALL = Call: 
Direct within segment 


| Indirect within segment 


Direct intersegment 
Indirect intersegment 


JMP = Unconditional Jump: 


Direct within segment 
Direct within segment-short 
Indirect within segment 
Direct intersegment 


Indirect intersegment 


RET = Return from CALL: 


Within segment 


Within seg. adding immediate to SP 


Intersegment 


Intersegment adding immediate to SP 





765493 2 1 
disp-low 

mod 0 1 O r/m 
offset-low 
seg-low — 
O'7i 1 


disp-low 
disp 
100 
offset-low 
seg-low 
10 1 


data-low 


data-low 


0|}7 65 43 2 1 


disp-high 


offset-high 
seg-high 


disp-high 
offset-high 


seg-high 


data-high 


data-high 


0|77 65 43 2 


1 





0 
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= CPU: MSM80C88ARS/GS/JS MSM80C88A-2RS/GS/JS s=——_________ 


Footnotes: 


AL = 8-bit accumulator 

AX = 18-bit accumulator 

CX = Count register 

DS = Data segment 

ES = Extra segment 

Above/below refers to unsigned value 

Greater = more positive 

Less = less positive (more negative) signed value 

If d= 1 then “‘to’’ reg: If d = 0 then “from” reg. 

lf w = 1 then word instruction: If w = 0 then byte instruction 


If mod = 11 then r/m is treated as a REG field 

If mod = 00 then DISP = 0*, disp-low and disp-high are absent 

If mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is absent 
if mod = 10 then DISP = disp-high: disp-low 


Af r/m = 000 then EA = (BX) + (SI) + DISP 

If r/m = 001 then EA = (BX) + (DI) + DISP 

If r/m = 010 then EA = (BP) + (SI) + DISP 

If r/m = 011 then EA = (BP) + (DI) + DISP 

If r/m = 100 then EA = (SI) + DISP 

If r/m = 101 then EA = (DI) + DISP 

If r/m = 110 then EA = (BP) + DISP* 

If r/m = 111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if required) 


* except if mod = 00 and r/m = 110 then EA-disp-high: disp-low 


If s:w = 01 then 16 bits of immediate data form the operand 

If s:w = 11 then an immediate data byte is sign extended to form the 16-bit operand 
If v=O then “count” = 1: If v= 1 then “count” in (CL) 

x = don’t care 

z is used for string primitives for comparison with ZF FLAG 


SEGMENT OVERRIDE' PREFIX 





001 reg 110 | 
REG is assigned according to the following table: 
16-Bit (w= 1) 8-Bit (w =0) Segment 
000 AX 00OO AL 00 ES 
001 CX 001 CL 01 CS 
010. Ox 010 DL | 10 SS 
011 BX — 011 =~BL 11 DS 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 DH 
111 DI 111 BH 


Instructions which reference the flag register file as a 16-bit object use the symbol FLAGS to represent the file: 


FLAGS = x:x:x:x:(OF): (DF): (1F): (TE): (SF):(ZF):X:(AF):X:(PF):X (CF) 
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OKI semiconductor 


MSM81C55RS/GS/JS 
MSM81C55-5RS/GSUS 


2048 BIT CMOS STATIC RAM WITH 1/O PORTS AND TIMER 











GENERAL DESCRIPTION 


The MSM81C55/81C55-5 have 2k bits of static RAM (256 byte) with parallel 1/O ports and a timer. It uses 
silicon gate CMOS technology and consumes a standby current of 100 micro ampere, maximum, while the chip is not 
selected. Featuring a maximum access time of 400 ns, the MSM81C55/81C55-5 can be used in an 80C85A/80C85A-2 
system without using wait states. The parallel! I/O consists of two 8-bit ports and one 6-bit port (both general pur- 
pose). The MSM81C55/81C55-5 also contains a 14-bit programmable counter/timer which may be used for sequence- 
wave generation or terminal count-pulsing. 


FEATURES 
@ High speed and low power achieved with silicon gate e@ RAM data hold characteristic at 2V 
CMOS technology. | e 6-bit programmable I/O port (port C) 
e 256 words x 8 bits RAM © 14-bit programmable binary counter/timer 
® Single power supply, 3 to 6V @ Multiplexed address/data bus 
e Completely static operation @ 40 pin DIP package (MSM81C55RS/MSM81C55-5RS) 
@ On-chip address latch @ 44 pin flat package (MSM81C55GS)/MSM81C55-5GS) 
@ 8-bit programmable |/O ports (port A and B) ® 44 pin PLCC (MSM81C55JS/MSM81C55-5JS) 
@ TTL Compatible e Direct interface with MSM80C85A 


e Direct interface with MSM80C85A-2 (MSM81C55-5) 
FUNCTIONAL BLOCK DIAGRAM 





TIMER IN Vcc (+5v) 
TIMER OUT GND (OV) 
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PIN CONFIGURATION 
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MSM81C55RS (Top View) 


MSM81C55-5RS 
40 Load Plastic DIP 


2 
bo 
wD s zt o9QyQ wae or 
PeEELLSZLL Le 
44 39 
TIMER OUT C4 1 , 33 FH PBs 
10/M C—J 2 O 32 ——— PBs 
CE Ea Ee | 31 Cc PBg 
RO C14 30 ——> ps; 
WR C1 5 29 [J PB, 
ALE C1 6 28 -—— PB, 
AD), 7 27 -——J PBy 
AD, (———) 8 26 CJ PA 
AD, C—— 9 . 25 FJ PAs 
AD; ("410 24 I PAs 





N.c C11 23 I PA, 


\ 
12 1314 15 16 171819 20 21 22 


reoosrs7 F OQ 
<< 
S63 82222 


” 
aaa 
q<qqd 


TIMER-OUT{Q 7 


MSM81C55JS (Top View) 
MSM81C55-5JS 
44 Pin Plastic Leaded Chip Carrier 


PC3 


Vcc 

PC, PC, 
TIMER IN 5) PC, 
RESET PCo 
PC. PB, 
TIMER OUT PBs 
1O/M a) PBs 

CE PB, 

RD PB3 

WR PB, 

ALE PB, 
ADo PBo 

AD, PA, 

AD, [14 PA6 
AD3 (15) PAs 

AD, [16] PAg 

ADs PA; 

AD, 08 23) PA, 

AD, [15] 22) PA, 





MSM81C55GS (Top View) 
MSM81C55-5GS 
44 Lead Plastic Flat Package 


= 
a 
w= 000 0 a 
cr > anaaa 
5 4 


w I} PC4 








PB6 


1o/MQ PB5 
CE q9 . PB4 
Rbg 10 PB3 
Wedd PB2 
N.C. | N.C. 
ALEQ13 PBI 
ADOg) 14 PBO 
AD1@15 PA7 
AD2)16 PAG 
AD3Q) 17 PA5 
SY88522xn224 
qZ2dqqqogoanoaaqaaa 
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ABSOLUTE MAXIMUM RATINGS 


Limits ; 
| MSM81C55-5RS | MSM81C55-5GS | MSM81C55-5JS 















Referenced 
to GND 






° 





OPERATING CONDITION 


010 +8 






Operating Temperature 





RECOMMENDED OPERATING CONDITIONS 


, . 


CC 
Operating Temperature 
“*L’’ Level Input 


“H’’ Level Input 


Supply Voltage (81C55-5) 



















Standby Current 






Operating Temperature 
(81C55-5) : 
DC CHARACTERISTICS 
“L" Level Output Voltage loL = 2mA 
1OH = —400uA 
“H" Level Output Voltage VOH a 
loH = —40uA 
Vcc = 4.5V to 
Input Leak Current O0<Vin<Vecc ey 
Output Leak Current 0<VouT< Vcc | 7,- -40°C to 
CE 2 Vcc-0.2V 85°C 
locs | Vin = Vec-0.2V 
ViL SVcc-0.2V 
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AC CHARACTERISTICS 
(Vcc = 4.5 to 5.5V, Ta = -40 to +80°C) MSM81C55 
{Vcc = 4.75 to 5.25V, Ta = -40 to +70°C) MSM81C55-5 


MSM81C55 
Parameter Symbol! 
tAL 


Max. 
Address/latch Set-up Time a 
Latch/address Holt Time 
Latch/read (write) Delay Time 
Read/output Delay Time 
Address/output Delay Time | 
Latch Width 
Read/data Bus Floating Time 
Read (write)/latch Delay Time. 
Read (write) Width 
Data In/write Set-up Time 
Write/data-in Holt Time 
Recovery Time 
Write/port Output Delay Time | we 
Port Input/read Set-up Time —tpr 
Read/port Input Hold Time | tre | 
Strobe/buffer Full Delay Time | 
Strobe Width 
Strobe/buffer Empty Delay Time 
-Strobe/interrupt-on Delay Time ts| 
Read/interrupt-off Delay Time 
Port Input/strobe Set-up Time 
Strobe/port-input Hold Time 120 
Strobe/buffer-empty Delty Time - 
Write/buffer-full Delay Time 
Write/interrupt-off Delay Time | tw | 


Time Output Delay Time Low tTL 







MSM81C55-5 





W 
“J 








~ 
o 
& | o 


~ 
>) 


12) 


00 





=) 


Load capaci- 
tance: 150pF 





300 





400 


3 
3 
300 
300 
00 


© 





es ; 


oO 
oO 





400 





& 


Time Output Delay Time High tTH 


Read/data Buse Enable Delay Time 
Timer Cycle Time 320 
Timer Input Rise and Fall Times 


Timer Input Low Level Time 


Timer Input High Level Time 120 


Note: Timing are measured with V, = 0.8V and Vy = 2.2V for both input and output. 





i é%) 
N 
Oo 






“J 
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TIMING | 
Read Cycle 


{ae} DATA VALID 
ADDRESS @ ait 


tL ee 
tRD 


tLe 
tcc 





Write Cycle 


ADDRESS aD: DATAVALID 


‘pw tCL 
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Strobe Input Mode 


tss 


tpss |tPHS 


Nae 


INPUT DATA 
FROM PORT 





Strobe Output Mode 


BF 


STROBE 


OUTPUT DATA 
TO PORT 
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Basic Input Mode 


PORT INPUT 


DATA BUS 





Basic Output Mode 


DATA BUS 


PORT OUTPUT 


Note: The DATA BUS timing is the same as the read and write cycles. 





Timer Waveforms 


Load Counter from Load Counter from 

Count length register Count length register 

| 2 | 1 5 4 3 | 2 | 1 5 

tf tg (T.C.) 
TIMER IN 
ty t 
| tcYC 
TIMER OUT \ (note) / 
(pulse) . Ne ees 
tTH 
TIMER OUT \ (note) / 
(square wave) Nike es ees 
tTL ‘TH 


Count down (51) 


Note: Periodically output according to the output mode (m1=1) programming contents. 
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RAM DATA HOLD CHARACTERISTICS AT LOW SUPPLY VOLTAGE 


Symbol Condition 


Data Holding Supply Voltage VCCH Vin = OV or Vcc, ALE = OV 


Data Holding Supply Current ICCH i 7 pe my =0 p= | 005° 










od Tine ee 


Two ways to place device in standby mode: 
(1) Method using CE 





Standby mode 








- (2) Method using RESET 


tsu Standby mode— tR 


Vv 
5y CC 


va eM? i = 


INN eon ame eee axe a= eee aoe ote > aE Ge GD GaP eae GoD am 


\eCH == SS SS 


GND 


Note: In this case, the C/S register is reset, the port is set into the input mode, and the timer stops. 
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PIN FUNCTIONS 


Sb 


RESET 






A high level input to this pin resets the chip, places all three |/O ports in the input mode, 
resets all output latches and stops timer. 











Negative going edge of the ALE (Address Latch Enable) input latches ADo~7, 10/M, and 
CE signals into the respective latches. 







Three-state, bi-directional address/data bus. Eight-bit address information on this bus is read 
into the internal address latch at the negative going edge of the ALE. Eight bits of data can 
be read from or written to the chip using this bus depending on the state of the WRITE or 
READ input. 


When the CE input is high, both read and write operations to the chip are disabled. 
10/M A high level input to this pin selects the internal !/O functions, and a low level selects the 
memory. 
If this pin is low, data on lines ADg~7 is written into either the memory or into the seletted 
port depending on the state of the 10/M line. 
PAg~7 General-purpose 1/O pins. input/output directions can be determined by programming the 
(PBy~7) command/status (C/S) register. 


PCows Three pins are usable either as general-purpose |/O pins or contro! pins for the PA and PB 
ports. When used as control pins, they are assigned to the following functions: 
PCO: A INTR (port A interrupt) 
TIMER IN 
TIMER OUT Timer output. When the present count is reached during timer operation, this pin provides 
a square-wave or pulse output depending on the programmed control status. | 


PCi: A BF (port A full) 






If this pin is low, data from either the memory or ports is read onto the ADg ~7 lines de- 
pending on the state of the 10/M line. 























PC3: BINTR (port B interrupt) 
PC4: BBF B BF (port B buffer full) 
PC5: B STB (port B strobe) 







* Input to the counter/timer 








PC2: A STB (port A strobe) 
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OPERATION | e THe 8-bit 1/0 ports (PA and PB) anda G6bit 1/0 port 
(PC) 
Description © 14-bit timer counter 
The MSM81C55 has three functions as described The internal register is shown in the figure below, 
below. d the !/O addresses are described in the table below. 


@ 2K bit static RAM (256 words x 8 bits) 


8-bit INTERNAL DATA BUS 


1. |TIMER| TIMER | 
MSB LSB 


STATUS | TIMER MODE 


Selecting Register 


Timer count upper position 6 bits and timer mode 2 bits 
(MSB) 





x: Don’‘t care. 
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(1) Programming the Command/Status (C/S) Register an 1/O address of xxxxx000. Bit assignments for 
The contents of the command register can be the register are shown below: 
written during an 1/O cycle by addressing it with 


7 6 5 4 3 2 1 0 
Five [rw [8 [ea [roa [vor] ve [ra 
Rae | 


Definition of PAg~7 | 0 = input 


Definition of PByg~7 1 = output 


00 =ALT1 {See the port 
11=ALT2 _ {control 
01=ALT3 _ |assignment 
10=ALT4 _|{table. 


Definition of PCow~s 


Port A interrupt enable } 1 = enabled 


Port B interrupt enable 0 = disabled 


00 = NOP: Does not affect counter operations. 


01 =STOP: Stops the timer if it is running. 
NOP if the timer is not running. 


Timer command 10 = STOP AFTER TC: Stops the timer when it 
reaches TC. 
NOP if the timer is not 
running. 


11=START: If the timer is not running, loads the 
mode and the count length, and 
‘immediately starts timer operation. 
if the timer is running, loads a new. 
mode and the count length, and starts + 
timer operation immediately after TC 
is reached. 





~ Port Control Assignment Table 












rn 
PC, 





[input port [Output pore | Ourmut poe =i 
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(2) Reading the C/S Register 


(3) 


(4) 


(5) 


The I/O and timer status. can be accessed by 
reading the contents of the Status register located 


AD, ADg ADs ADg AD3 AD, AD, ADo 
>< [Timer NE | ees INTR aE ae 
| ><C{TIMER ps | BF |B A A 


Port A interrupt request 


PA and PB Registers 

These registers may be used as either input or out- 
put ports depending on the programmed contents 
of the C/S register. They may also be used either 
in the basic mode or in the strobe mode. 

1/O address of the PA register: xxxxx001 

1/O address of the PB register: xxxxx010 

PC Register 


The PC register may be used as an input port, out- 


put port or control register depending on the 
programmed contents of the C/S register. The 1/O 
address of the PC register is xxxxx011. 

Timer 

The timer is a 14-bit down counter which counts 
TIMER IN pulses. 

The low order byte of the timer register has an 1/O 
address of xxxxx100, and the high order byte of 
the register has an I/O address of xxxxx101. 

The count length register (CLR) may be preset 
with two bytes of data. Bits 0 through 13 are 
assigned to the count length and bits 14 and 
15 specify the timer output mode. A read opera- 
tion of the CLR reads the contents of the counter 
and the pertinent output mode. The initial value 


*range which can initially be loaded into the coun- 


ter is 2 through 3FFF hex. Bit assignments to the 
timer counter and possible output modes are 
shown in the following. 


[M2 Tm [3 [ tr] [ti] 79 | T6 | 
eas eee ee eee ee 


Output mode High order 6 bits of count length 


[ieee eet oe tp he ed ee cay A wp Nn es pt 
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Low order byte of count length 


at 1/O address xxxxx000. The status word format 
is shown below: 


Port A buffer full 

Port A interrupt enable 
Port B interrupt request 
Port B buffer full 

Port B interrupt enable 


Timer interrupt. This bit is set high when the timer | 
reaches TC, and is reset when the C/S register is read 
or a hardware reset occurs. 





M. My, 

O O Outputs a low-level signal in the latter 
half (Note 1) of a count period. 

Oo 61 Outputs a low-level signal in the latter 

half of a count period, automatically 
loads the programmed count length, 
and restarts counting when the TC value 
is reached. 

1 0 Qutputs a pulse when the TC value is 
reached. 

1 1 Outputs a pulse each time the preset TC 
value is reached, automatically loads the 
programmed count length, and restarts 
from the beginning. 

Note 1: When counting an asymmetrical value 
such as (9), a high level is output during 
the first period of five, and a low level is 
output during the second period of four. 

Note 2: If an internal counter of the MSM81C- 
55RS/GS receives a reset signal, count 
operation stops but the counter is not 
set to a specific initial value or output 
mode. When restarting count operation — 
after reset, the START command must 
be executed again through the C/S 
register. 


Note that while the counter is counting, you may 
load a new count and mode into the CLR. Before 
the new count and mode will be used by the 
counter, you must issue a START command to the . 
counter. | | 

Please note the timer circuit on the 81C55 is 
designed to be a square-wave timer, not a event 
counter. To achieve this, it counts down by twos 
twice in completing one cycle. Thus, its registers do 
not contain values directly representing the num- 
ber of TIMER IN pulse received. After the timer 
has started counting down, the values residing in 
the count registers can be used to calculate the 
actual number of TIMER IN pulse required to 
complete the timer cycle if desired. To obtain the 
remaining count, perform the following operation 
in order: at 





-_ 


. STOP the counter 

2. Read in the 16bit value from the 
count registers. 

3. Reset the upper two mode bits 

4. Reset the carry and rotate right one 
position all 16 bits through carry 

5. If carry is set, add % of the full origi- 

nal count (% full count-1 if full count 

is odd). 


TIMER IN | | | j 


i 
wa coe START | 
5 


5 
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If you started with an odd count and 
you read the count registers before the 
third count pulse occurs, you will not be 
able to recognize whether one or two 
counts have occurred. Regardless of this, 
the 81C55 always counts out the right 
number of pulses in generating the 
TIMER OUT waveforms. 


Note: 


lstay2ts,s5! 


| | | (te) | 
TIMER OUT (SQUARE WAVE) | | ) | 


l | | | 
TIMER OUT (PULSE) | | | | | 


WR 


| | 
| | 
| | 
ned START | | | 
| 5 l 3 4 | 2; 5 3 4 


| (re) | 
TIMER OUT (SQUARE WAVE) , | | | | | | | 


l | | | 
TIMER OUT (PULSE) | | | | 


Note: n is the value set in the CLR. 


Figures in the diagram refer to counter value. 


(6) Standby Mode (see page 7) 


The MSM81C55 is placed in standby mode when 
the high level at the CE input is latched during the 
negative going edge of ALE. All input ports and 
the timer input should be pulled up or down to 
either Voc or GND potential. 

When using battery back-up, all ports should be 
set low or in input port mode. The timer output 





should be set low. Otherwise, a buffer should be 
added to the timer output and the battery should 
be connected to the power supply pins of the 
buffer. 

By setting the reset input to a high level, the stand- 
by mode can be selected. In this case, the com- 
mand register is reset, so the ports automatically 
set to the input mode and the timer stops. 
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OKI semiconductor 
MSM82C12RS/GS 


8-BIT INPUT/OUTPUT PORT 





GENERAL DESCRIPTION 


The MSM82C12 is an 8 bit input output-port employing 3 y silicon gate CMOS technology. It insures low opera- 
ting power. This device incorporates a service request flip-flop for generation and control of interrupts for a CPU, in 
addition to an 8-bit latch circuit having a three-state output buffer. 

It is effective when used as an address latch device to separate the time division bus line outputs in systems 
employing the MSM80C85A CPU or similar processors using multiplexed address/data bus line. 


FEATURES 


e Operated on low power consumption due to silicon @ Equipped with a clear terminal which operates asyn- 
gate CMOS. chronously - 

e3V ~6 V single power supply e@ TTL compatible 

e Full static operation . @ 24-pin DIP (MSM82C12RS) 

@ Parallel 8-bit data register and buffer e 24-pin flat package (MSM82C12GS) 

e@ Provided with an interrupt generating function @ Functionally compatible with the 8212 


through the adoption of a service request flip-flop 


CIRCUIT CONFIGURATION 


Service Request Flip-flop 


INT 


Data Latch 
Output Buffer 


DO; 


DO» 


Qo 
fe 


DO3 


DO4 


aa 


- DOs 


a 


DO, 


lf 


DO, 


DOg 


Fe 
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PIN CONFIGURATION 


MSM82C12RS (Top View) 24 Lead Plastic DIP MSM82C12GS (Top View) 24 Lead Plastic Flat Package 


MSM82C12RS 


= 
72) 
=< 
00 
N 
Q 
N 
f) 
7) 





PIN DESCRIPTION 


DI, ~Dlig Data input Input These pins are 8-bit data inputs. The data input is connected 
to the input D pins of the 8-bit data latch circuit built inot 
the device. 

DO; ~DOg | Data output Output These pins are 8-bit data outputs. Each bit is composed of 3- 
state output buffers. 

These buffers can be made into enable or disable (high imped- 
ance status). 
Mode input This pin is a clock input for the data latch. It is also used to 
reset the internal service request flip-flop at the same time. 

S Strobe input Input | This pin is a clock input for the data latch. it is also used to 

reset the internal service request flip-flop at the same time. 












DS1, DS2 Device select The AND of these two input functions make the status 
input control of output buffers or becomes a clock input to the 
data latch. It also functions to perform set/reset of the 

internal service request flip-flop. 


TB 
DS1,D 
INT Interrupt Output 
output 
GND 
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This pin clears the internal data latch in low level. It also sets 
the internal service request flip-flop at this time. The clear is 
Operated asynchronously to the clock. 







This pin is the ouput of the internal service request flip-flop, 
but is inverted to ouptut it in low level operation. 
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FUNCTIONAL DESCRIPTION 


Output Buffer Status Control and Data Latch Clock 
Input oO 

When the input MD is at high level, the ouptut 
buffer is enabled and the device select input (DS1.DS2) 
becomes the clock input to the data latch. When the 
input MD is in low level, the status of the output buffer 
is determined by the device select input (DS1.DS2) (the 
output buffer is enabled when (DS1.DS2) is in high 
level). At this time, the input STB becomes the clock 
input to the data latch. 





” 
El 
ow 
















0 0 0) High impedance status . 
0 0 1 High impedance status | 
1 0 0 Data latch 

1 O 1 Data latch 

0 1 0 Data latch 

0 1 1 Data in 

1 1 0 Data in 

1 1 1 Data in 





ABSOLUTE MAXIMUM RATINGS 


Parameter 


Symbo!i 
Supply Voltage 













With 
| Input Voltage respect 
to GND 





_| Output Voltage VouT | 


OPERATING RANGE 






Operating Temperature 





Conditions Unit 
| conatons | MSM82C12RS MSM82C12GS 
ae ere eee 
| “0.5 10 VogrO 
| ~0.5 to Vect0.5 
Storage Temperature | tte | —55 to +150 


ee ee 
~40 to +85 C 





Service Request Flip-flop 
. The service request flip-flop is used to generate and 
control the interrupt for the CPU when the MSM82C12 
is used as an input/output port in a microcomputer 
system. The flip-flop is set asynchronously by input 
CLR. When the flip-flop is set, the system is in non- 
interrupt status. 





Clear 

When the clear input becomes low level, the inter- 
nal data latch is cleared irrespective of the clock and 
becomes low level. 






-0.5 to +7 







Et 






RECOMMENDED OPERATING CONDITION 


Supply Voltage 
Operating Temperature 


“L” Input Voltage 





“H” Input Voltage 
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DC CHARACTERISTICS 


Symbol 
“L"’ Output Voltage lot = 4mA 
“H” Output Voltage lon = ~4mA 
Icc 




















Input Leak Current OSVinSVcc 
Output Leak Current OSVouT= Vcc 


Vi 2Vcc — 0.2V 
Supply Current (Standby) 1ccs Vi <0.2V 
Average Supply Current 
(active) 


AC CHARACTERISTICS 
(Voc = 4.5 ~ 5.5V, Ta = -40°C +85°C) 

















f= 1 MHz 


Unit Remarks 








| Min. | 
TPakewiae———SS*dC 
2 | 
[write Ente 9 Output Dey | we | 
[dese upTie | ser | 8 
[DeeHo Tine dT tw 
pad 
cad 
so 
ta 
oe 


Load 30pF 


Reset to Output Delay | ote | 
ae ao 
oupuenebe tine ide 
[ OvipurDiaeTime | 


Note: TYP is measured where Vcc = 5 V and Ta = 25°C. 


Load 20pF + 
Timing is measured where VL = VH = 1.5V in both input and output. 


te and tp are measured at Voy, + 0.5V or VOH ~ 0.5V when the two are made into high impedance status. 


PW 

PD 
Clear to Output Delay 

te 

tp 


~ OUTPUT CHARACTERISTICS (DC Characteristics Reference Value) 


(1) Output “H” voltage (Vo}4) vs. (2) Output “’L’’ voltage (Vo_) vs. 
output current (!o44) output current (191) 


2 
< 
O 
> 
a 
fo) 
°°: 
> 
x 
" 
> 
a 
~ 
=] 
O 


Output “’L’’ voltage Voy (V) 


oy eo 
utput current IQy (mA) 





Output current lo_ (mA) 


Note: The direction of flow in is taken as positive for output current. 
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OUTPUT CHARACTERISTICS (Ac Characteristics Reference Value) 


(1) tpp vs. load capacitance 


tpp (tpiy) (ns) 
tpp (tpy ) (ns) 


aaPza 
eer 


ee hine me 


200 400 -~ 600 
Load capacitance C1 (pF) 





40 





E 
(DSi - Ds2) \ 

Z 30 2 30 
oe ‘WE _ ~, 
= (STB)_—“s I 
= | | S 
i tPp Ww 
= 20 a = 20 
a. = 

+o : 

4 5 6 4 5 6 


Supply voltage Vcc (V) Supply voltage Vcc (V) 
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TIMING CHART 


Data Latch Operation 


STB 
(DS1 - DS2) 


‘WE ; 


(tpHL) 
tpw 





Gate Buffer Operation 





Interrupt Operation 


(DS1 - DS2) 
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Clear Operation 





Output Buffer Enable/Disable (High Impedance Status) Operation 


(DS1 - DS2) 


to te to te 
(tpiz) (tpZ2L) (tpHz) (tpZH) 
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EXAMPLE OF APPLICATION OF MSM82C12 


Address Latch of MSM80C85A . the address bus and data bus by means of the ALE 
Used to separate the time division data bus (8 low (Address Latch Enable) signal. 
order bits of the address bus and 8-bit data bus) into 


MSM 
80C85A 





Address Bus 
(8 low order 
bits) 


Dig 
STB MD DS1 
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OKI semiconductor 
MSM82C37ARS/GS/JS 


PROGRAMMABLE DMA CONTROLLER 








GENERAL DESCRIPTION 


The MSM82C37ARS/GS/JS DMA (Direct Memory Access) controller is capable of high-speed data transfer 
without CPU intervention, and is used as a peripheral Gevice in microcomputer systems. The device features four 
independent programmable DMA channels. 


Due to the use of silicon gate CMOS technology, standby current is 10 wA (max.), and power consumption is 
as low as 10 MA (max.) when a 5 MHz clock is generated. 


FEATURES 

* Maximum operating frequency of 5 MHz2(Voc= 5 V+10%) * DREQ and DACK input/output logic inversion 

* High-speed operation at very low power consumption * DMA address increment/decrement selection 
due to silicon gate CMOS technology * Memory-to-Memory Transfers . 

* Wide power supply voltage range of 3 to 6 V * Channel extension by cascade connection 

.* Wide operating senpec™ re range from -—40° to * DMA transfer termination by EOP input 

+85°C * 40-pin DIP (MSM82C37ARS) 

° 4-channels of independent DMA control ' © 44-pin PLCC package (MSM82C37AJS) 

* DMA request masking and programming _ * Intel 8237A-5 compatibility 

* DMA request priority function *TTL Compatible 


PIN CONNECTIONS 


40-pin plastic DIP (top view) 44-pin plastic flat-package (top view) 


READY 
HLDA 





ADSTB 


44-PIN PLCC PACKAGE 
(top view) 


T+ wo 
nn 
<- e ee 
~~ oO 
- 
qd 


44 43 42 41 


381) A19/S6 
371) BHE/S7 


32) LOCK wR 

31 $2 (mid) 

300S1 (oT. Fm) 

29f] SO (DEN) 
20 21 22 23 24 2b 26 27 28 


{ALE) QSO 





(tNTA! QS1 


Note: N.C. (No Connection) 
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Z61 


Timing 
control 
circuit 


HLDA 


HRQ eet 
Priority 


judgement 
DREQO ~ 3 circuit 


DACKO~3 


Decrementer 


Temporary word 
count register (16) 


TC (Terminal Count) 


Base word 
count 
register 
(4x 16) 


Mode 
register 


Command 
register (8) 


Mask 
register (4) 


Request 
register (4) 





Current 
word 
count 
register 
(4X 16) 


Status 
register (8) 


Incrementer/decrementer 


Temporary address 
register (16) 


Base 
address 
register 
(4x 16) 


Current 
address | 
register 
(4 xX 16) 


Temporary 
register (8) 


output buffer E=> A4~A7 


Input/Output 
buffer 


Command 
contro! 
circuit 


Input/output 
buffer 


age DBO~ DB7 





WVYSOVIG 1OO071E 


™ Sf/S9/SHUVZEDZSINSW-O/I & 
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ABSOLUTE MAXIMUM RATINGS > 


| Parameter Symbol | Conditions Unit , 
MSM82C37ARS MSM82C37AGS | MSM82C37AJS 


| s~—“‘“COS OCC Cd 
Power Disinaon | Po |[Ta-2ee | vo] 07 | 10 |W 






Limits 









OPERATING RANGES 







~ Power supply voltage 
Operating temperature 


RECOMMENDED OPERATING CONDITIONS 


DC CHARACTERISTICS 





PrTewpatvorose | Vor [U=32ma__ 


VOL 
| | : Input frequency | 
Average power supply 5 MHz, whenRESET 
current during ICC , 
Operations . Vin =O V/iVec. 


Ci =OpF 


Power supply current 
ICCS 


in standby mode 
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AC CHARACTERISTICS 


DMA (MASTER) MODE | 
(Ta = -40 ~ +85°C, Vcc = 4.5 ~ 5.5V) 


jsymbot | tem fm 
Daly time from CLK fain eo er 
Daly fom CLK rising ed p= | 
ee ae = 
_- |» 
| - |» 















Delay time from CLK rising edge 
TAFC ee : 

up to read/write signal floating status 
TAFDB Delay time from CLK rising edge 

up to data bus floating status 


Address valid hold time to 
read signal trailing edge 







TAHR 


TCY-100 
TAHW Address valid hold time to TCY-50 
write signal trailing edge 


Delay time from CLK falling edge 
up to active DACK 

TAK Delay time from CLK rising edge 
up to EOP leading edge 
Delay time from CLK rising edge 
up to EOP trailing edge 








Data valid hold time to ADSTB 
trailing edge 
















Time from CLK rising edge up to 
address valid 






Data set-up time to ADSTB 
trailing edge 


Clock high-level time 
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MAX Unit Comments 


TCL Clock low-level time 
TCY CLK cycle time 


Delay time from CLK rising edge 
to read/write signal leading edge 


(Note 6) 


nn 


TDCL (tote 2) 


Delay time from CLK rising edge 


Note 2) 
to read signal trailing edge Note 


TDCTR 


Delay time from CLK rising edge 


nee o (Note 2) 
to write signal trailing edge 


TDCTW 





Delay time from CLK rising edge 


TRO to HROQ valid 





EOP leading edge set-up time to 
- CLK falling edge 


TEPW . EOP pulse width 220 


Delay time from CLK rising edge 
to address valid 





TEPS 


TFAAB 170 


Time from CLK rising edge up to 


_ active read/write signal 150 


TFAC 








Delay time from CLK rising edge 


TEARS to data valid 








HLDA valid set-up time to 


aS CLK rising edge 


~ 
or 
n 





Input data hold time to MEMR 
trailing edge 





TIDH 


Input data set-up time to MEMR 


TIDS me 
trailing edge 


170 


Output data hold time to MENW 


TODH wie 
trailing edge 





Time from output data valid to 


~T ——— 
eee MEMW trailing edge 


DREQ set-up time to CLK falling 
edge 


po | an 


READY hold time to CLK falling 
edge 


READY set-up time to CLK falling 
edge 


Delay time from CLK rising edge 


fore to ADSTB leading edge 


Delay time from CLK rising edge 
to ADSTB trailing edge 


TSTT 





. + 4 4 
D D O 
n = n 
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SLAVE MODE 
(Ta = -40 ~ +85°C, Vcc = 4.5 ~ 5.5V) 









Time from address valid or CS 
leading edge to IOR leading edge 





Address valid set-up time to l|OW 
trailing edge 


CS leading edge set-up time to 
1OW trailing edge 


=) 


n n 


Data valid set-up time to |OW 
trailing edge . 


Address or CS hold time to [OR 
trailing edge 
TRDE Data access time to IOR leading = 
edge 
TRDE Delay time to data floating status 
from !OR trailing edge 
TRSTD Supply power leading edge set-up 
time to RESET trailing edge 
Time to first active 1|OR or 1OW 
TRST 
from RESET trailing edge eneM 
TRSTW RESET pulse width mesh 
Address hold time to !OW trailing 
20 
edge 


CS trailing edge hold time to |OW 20 
trailing edge 






“J 









1. Output load capacitance of 150 pF. 

2. 1tOW and MEMW pulse widths of TCY-100 (ns) for normal writing, and 2TCY-100 (ns) for extended writing. 
And.IOR and MEMR pulse widths of 2TCY-50 (ns) for normal timing, and TCY-50 (ns) for compressed timing. 

3. DREOQO and DACK signal active level can be set to either low or high level. In the timing chart, the DREQ signal 
has been set to active-high, and the DACK signal to active-low. 

4. When the CPU executes continuous read or white in the programming mode, the interval during which the read 
or write pulse becomes active must be set to at least 400 ns. 

5. EOP is an open drain output. The value given is obtained when a 2.2 kohm pull-up resistance ts connected to 
VCC. 

6. Rise time and fall time is less than 10 ns. 

7. Waveform measurement points for both input and output signals are 2.2V for HIGH and 0.8V for LOW, unless 
otherwise noted. 
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TIME CHART 
RESET TIMING 





SLAVE MODE WRITE TIMING 
TCW 


TWWS 


TWA 


"a 


A0~ A3 Input valid address B: 


TWD 





Input valid data 


>< 
Fo | 
Oo 
; 


DBO ~ DB7 


SLAVE MODE READ TIMING 


Input valid address 
TAF 





DBO ~DB7 ( Output valid data D 
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DMA -TRANSFER TIMING 


AE cutie 
TO te AT TOP at 


Soret 
wor LS nIIMihe 


AEN 
—_————_______—_f 
ane 
ADSTB 


DBO ~ 0B7 gape ame? | 


TFAAB e ‘etna TAFAB 
al TAFDB TAH 
i aad E A0~A? Sa Se ale al 
a Pt 
TDCTR oe TAFC 
mm Ta Ht : 
=e 


iow, MEMW = ‘ y 








(Extended write) 


internal EOP (output) § ——-—-F. 
TEPS — 


_ TEPW 
External EOP (input) f / 
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MEMORY TO MEMORY TRANSFER TIMING 


TAFAB 


z 


| 


DBO ~DB7 


internal EOP 
foutput) 


External EOP 
. (nput) 





READY TIMING 


1OR, MEMR 


(Extended 
write 
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COMPRESSED TRANSFER TIMING 


AO~A7 
1IOR, MEMR 
1OW, MEMW 


READY 


Internal EOP 
(output) 





External EOP 
(input) 
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PIN FUNCTIONS 


| “Input , - 





7 Ty 


7 ; 


HLDA Hold Input 
acknowledge $ 


DMA request 
Input/ 
output 


0 ~ 3 channels 

Data bus O ~ 7 

1/O read Input/ 
output 

1/0 write Input/ 
output 







Control of MSM82C37A internal operations © 
and data transfer speed. 





CS is active-low input signal used for the CPU 
to select the MSM82C37A as an !/O device 
in an idle cycle. 











RESET is an active-high asynchronous input 
signal used to clear command, status, request, 
temporary registers, and first/last F/F, and to 
set mask register. The MSM82C37A enters 
an idle cycle following a RESET. 


The read or write pulse width can be extended 
to accomodate slow access memories and. |/O 
devices when this input is switched to low 
level. Note this input must not change within the 
prescribed set-up/hold time. 


HLDA is an active-high input signal used to indi- 
cate that system bus control has been released 
when a hold request is received by the CPU. 

























DREQ is an asychronous DMA transfer request 
input signals. Although these pins are switched 
to active-high by reset, they can be programmed 
to become active-low. DMA requests, are received 
in accordance with a prescribed order of priority. 
DREQ must be held until DACK becomes active. 


DREQOO ~ DREQ3 















DBO ~ DB7 





DB is a bidirectional three-state signal connected 
to the system data bus, and which is used as 
an input/output of the MSM82C37A internal 
registers during idle cycles, and as an output 
of the eight higher order bits of transfer addresses 
during active cycles. Also used as input and 
Output of transfer data during memory-memory 
transfers. 


1OR is an active-low bidirectional three-state 
signal used as an input control signal for CPU 
reading of the MSM82C37A-5 internal registers 
during idle cycles, and as an output control signal 
_for reading 1/O device transfer data in writing 
transfers during active cycles. 


1OW ‘is an active-low bidirectional three-state 
signal used as an input control signal for CPU 
writing of MSM82C37A internal registers during 
idle cycles, and as an output control signal 
for writing I/O device transfer data in writing 
transfers during active cycles. 
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Symbol 


A0 ~ A3 


A4~ A7 


DACKO ~ DACK3 


End of process 


Address 0 ~ 3 


Address 4 ~ 7 


Hold request 


DMA 
ac knowledge 
0 ~ 3 channels 


Address enable 


Input/ 
Output 


Input/ 
output 


Input/ 
output 


Function 


EOP is an active-low bidirectional three-state 
signal. Unlike other pins, this pin is an N-channel 
open drain. During DMA operations, a low-level 
Output pulse is obtained from this pin if the 
channel word count changes from OOOOH to 
FFFFH. 


DMA transfers can be terminated by pulling 
the EOP input to low level. Both of- these 
actions are called terminal count (TC). 


When an internal or external EOP is generated, 
the MSM82C37A terminates the _ transfer 
and resets the DMA request. 


When the EOP pin is not used, it is necessary 
to hold the pin at high level by pull-up resistance 
to prevent the input of an EOP by error. Also 
note that the EOP function cannot be satisfied 
in cascade mode. 


AQ~A3 is a_ bidirectional three-state signal 
used as an input signal for specifying the 
MSM82C37A‘'s internal register to be accessed by 
the CPU during idle cycles, and as an output for 
the four lower order bits of the transfer address 
during active cycles. 


A4~A7 is a three-state signal used as an output 
for the four higher order bits of address transfer 
during active cycles. 


HRQ is an active-high signal used as an output 
for hold request to the CPU for system data 
bus control purposes. After HRQ has become 
active, at least one clock cycle is required 
before HLDA becomes active. 


DACK is an output signal used to indicate that 
DMA transfer «+o peripheral devices has been 
permitted. (Available in each channel.) 


Although these pins are switched to active-low 
when reset, they can be programmed to become 
active-high. 


Note that there is no DACK output signal during 
memory-memory transfers. 


- AEN is an active-high output signal used to 


indicate that output signals sent from the 
MSM82C37A to the system are valid. In addition 
to enabling an external latch to hold the eight 
higher order bits of the transfer address, this 
signal is also used to disable other system bus 
buffers. 


= 1/O0-MSM82C37ARS/GS/JS 
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Address strobe 





Input/ 
output 


iad 
— 


Output 





Function 


ADSTB is an active-high signal used to strobe 
the eight higher order bits of the transfer address 
by external latch. 


MEMR is an active-low three-state output signal 
used as a control signal in reading data from 
memory during read transfers and memory- 
memory transfers. 


MEMW is an active-low three-state output signal 
used as a control signal in’ writing data into 
memory during write transfers and memory- 
memory transfers. 
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internal/ 
’ external DMA 
equest 






memory-memory 
transfer 






External EOP 


N EOP. F/F setting 


{hee 





External EOP 
EOP.F/F setting oe 


Compressed 
timing 














Internal/ 


external EOP 
Single 
a: 












Internal/ 
external EOP 








Demand 
ae << htoa 
External DMA 


request 
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Fig. 1 DMA operation state transition diagram 
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OUTLINE OF FUNCTIONS 


The MSM82C37A consists of five blocks — three logic sections, an internal register section, and a counter 
section. 

The logic sections include a timing control block where the internal timing and external control signals are 
generated, a command contro! block where each instruction from the CPU is decoded, and priority decision block 
where the order of DMA channel priority is determined. The purpose of the internal register section is to hold internal 
states and instructions from the CPU, while the counter section computes addresses and word counts. 


DESCRIPTION OF OPERATIONS 


The MSM82C37A operates in two cycles (called the idle and active cycles) which are divided into independent 
states. Each state is commenced by a clock falling edge and continues for a single clock cycle. The transition from 
one state to the next in DMA operations is outlined in Figure 1. 


IDLE CYCLE 


The idle cycle is entered from the S! state when there is no valid DMA request in any MSM82C37A channel. 
During this cycle, DREQ and cs inputs are monitored during each cycle. When a valid DMA request is then received, 
an active cycle is commenced. And if the HLDA and cS inputs are at low level, a programming state is started with 
MSM82C37A-5 reading or writing executed by iOR or iOW. Programming details are described later. 


ACTIVE CYCLE 


~ If a DMA request is received i in an unmasked channel while the MSM82C37A is in an idle cycle, or if a software - 
DREOQ is generated, the HROQ is changed to high level to commence an active cycle. The initial state of an active 
cycle is the SO state which is repeated until the HLDA input from the CPU is changed to high level. (But because _ 
of internal operational reasons, a minimum of one clock cycle is required for the HLDA is be changed to high tevel 
by the CPU after the HRO has become high level. That is, the SO state must be repeated at least twice.) 
After the HLDA has been changed to high level, the SO state proceeds to operational states $1 thru S4 during 
\/O-memory transfers, of to operational states S11 thru S14 and S21 thru S24 during memory-memory transfers. 
If the memory or 1/O device cannot be accessed within the normal timing, an SW state (wait state) can be 
inserted by a READY input to extend the timing. 





DESCRIPTION OF TRANSFER TYPES 


MSM82C37A transfers between an 1/O and memory devices, or transfers between memory devices. The three 
types of transfers between I/O and memory devices are read, write, and verify. 


1/O-MEMORY TRANSFERS 


The operational states during an 1/O-memory transfer are $1, S2, $3, and S4. 

In the S1 state, an AEN output is changed to high level to indicate that the control signal from the 
MSM82C37A is valid. The eight lower order bits of the transfer address are obtained from AO thru A7, and the 
eight higher order bits are obtained from DBO thru DB7. The ADSTB output is changed to high level at this time 
to set the eight higher order bits in an external address latch, and the DACK output is made active for the channel 
where the DMA request is acknowledged. Where there is no change in the eight higher bit transfer address during 
demand and block mode transfers, however, the S1 state is omitted. 

In the S2 state, the IOR or MEMR Output is changed to low level. 

In the S3 state, IOW or MEMW is changed to low level. Where compressed timing is used, however, the S3 | 
state is omitted. 

The S2 and S3 states are 1/O or memory input/output timing control states. — 

In the S4 state, IOR, IOW, MEMR, and MEMW are changed to high level, and the word count register is 
decremented by 1 while the address register is incremented (or decremented) by 1. This completes the DMA transfer 
of one word. : . 

Note that in 1/O-memory transfers, data is transferred directly without being taken in by the MSM82C37A-5. 
The differences in the three types of 1/O-memory transfers are indicated below. . 
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READ TRANSFER 


Data is transferred from memory to the !/O device by changing MEMR and !OW to low level. MEMW and 1OR 
are kept at high level during this time. 


WRITE TRANSFER 


Data is transferred from the 1/O device to memory by changing MEMW and IOR to low level. MEMR and lIOW 
are kept at high level during this time. 
Note that writing and reading in these write and read transfers are with respect to the memory. 


VERIFY TRANSFER 


Although verify transfers involve the same operations as write and read transfers (such as transfer address 
generation and EOP input responses), they are in fact pseudo transfers where all 1/O and memory reading/writing 
control signals are kept inactive. READY inputs are disregarded in verify transfers. 


MEMORY-MEMORY TRANSFERS 


Memory-memory transfers are used to transfer data blocks from one memory area to another. 

Memory-memory transfers require a total of eight states to complete a single transfer — four states (S11 thru 
S14) for reading from memory, and four states (S21 thru S24) for writing into memory. These states are similar 
to |/O-memory transfer states, and are distinguished by using two-digit numbers. 

In memory-memory transfers, channel O is used for reading data from the source area, and channel 1 is used 
for writing data into the destination area. During the initial four states, data specified by the channel O address is 
read from the memory when MEMR is made active, and is taken in the MSM82C37A_ temporary register. Then 
during the latter four states, the data in the temporary register is written in the address specified by channel 1. 
This completes the transfer of one byte of data. With the channel O and channel 1 addresses subsequently 
incremented (or decremented) by 1, and the channel 0, 1 word count decremented by 1, this operation is repeated. 
The transfer is terminated when the word count reaches FFFF(H) from 0000(H), or when an EOP input is applied 
from an external source. Note that there is no DACK output signal during this transfer. 

The following preparations in programming are requiring to enable memory-memory transfers to be started. 


COMMAND REGISTER SETTING 


Memory-memory transfers are enabled by setting bit 0. And the channel O address can be held for all transfers 
by setting bit 1. This setting can be used to enable 1-word contents of the source area to be written into the entire 
destination area. 





MODE REGISTER SETTING 


The transfer type destination is disregarded in channels 0 and 1. Memory-memory transfers are always executed 
in block transfer mode. 


REQUEST REGISTER SETTING 


Memory-memory transfers are started by setting the channel 0 request bit. 


MASK REGISTER SETTING 


Mask bits for all channels are set to prevent selection of any other channel apart from channel 0. 


WORD COUNT REGISTER SETTING 


The channel 1 word count is validated, while the channel O word count is disregarded. 
In order to autoinitialize both channels, it is necessary to write the same values into both word count registers. 
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7 DESCRIPTION OF OPERATION MODES 


SINGLE TRANSFER MODE 


In single transfer mode, only one word is transferred, and the addresses are incremented (or decremented) by 

1 while the word count is decremented by 1. The HRQ is then changed to low level to return the bus control to the 

CPU. If DREQ remains active after completion of a transfer, the HRQ is changed to low level. After that HLDA 

~ is changed to low level by the CPU, and then changes the HRQ back to high level to commence a fresh DMA cycle.. 
For this reason, a machine cycle can be inserted between DMA cycles by the CPU. 


BLOCK TRANSFER MODE 


Once a DMA transfer is started in block mode, the transfer is continued until terminal count (TC) status is 
reached. 

If DREQ remains active until DACK becomes active, the DMA transfer is continued even if DREQ Eavenibe 
inactive. 


DEMAND TRANSFER MODE 


The DMA transfer is continued in demand transfer mode until DREQ is no longer active, or until TC status is 
reached. 

During a DMA transfer, intermediate address and word count values are held in the current address and current 
word count registers. Consequently, if the DMA transfer is suspended as a result of DREQ becoming inactive before 
TC status is reached, and the DREQ for that channel is then made active again, the suspend DMA transfer is 
resumed. 


CASCADE TRANSFER MODE 
When DMA transfers involving more than four channels are required, connecting a multiple number of 


MSM82C37 A. devices in a cascade connection (see Figure 2) enables a simple system extension. This mode is set 
by setting the first stage MSM82C37A channel to cascade mode.’ The DREQ and DACK lines for the first stage 
MSM82C37A channel set to cascade mode are connected to the HROQ and HLDA lines of the respective 
MSM82C37A devices in the second stage. The first stage MSM82C37A DACK signal must be set to active-high, 
and the DREQ signal to active- low. 

Since the first stage MSM82C37A is only used functionally. in determining the order of priority of each 
~ channel when cascade mode is set, only DREQ and DACK are used — all other inputs are disregarded. And since the 
~ system may be hung up if the DMA transfer is activated by software DREQ, do not set a software DREQ for channels 

where cascade mode has been set. 

In addition to the dual stage cascade connection shown in Figure 2, triple stage cascade connections are possible 

with the second stage also set to cascade mode. 





1/0 





MSM82C37A 





Stage 2 
MSM82C37A 


Fig. 2 MSM82C37A°-5 cascade connection system 
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AUTOINITIALIZE MODE 


Setting bit 4 of the mode register enables autoinitialization of that channel. Following TC generation, auto- 
initialize involves writing of base address and base word count register values in the respective current address and 
current word count registers. The same values as in the current registers are written in the base registers by the CPU, 
and are not changed during DMA transfers. 

When a channel has been set to autoinitialize, that channel may be used in a second transfer without involving 
the CPU and without the mask bit being reset after the TC generation. 


PRIORITY MODES 


The MSM82C37A makes use of two priority decision modes, and acknowledges the DMA channel of highest 
priority among the DMA requesting channels. 


FIXED PRIORITY MODE 


In fixed priority mode, channel 0 has the highest priority, followed by channel 1, 2, and 3 in that order. 


ROTATING PRIORITY MODE 


In rotating priority mode, the order of priority is changed so that the channel where the current DMA transfer 
has been completed is given lowest priority. This is to prevent any one channel from monopolizing the system. 
The fixed priority is regained immediately after resetting. 


Table 1 MSM82C37A priority decision modes 


CH3 CHO 


H1 
CHO CH1 CH2 
CH3 CHO CH1 
CH1 







Highest 











Order of priority 
for next DMA 










Lowest CH3 





COMPRESSED TIMING 


Setting the MSM82C37A to compressed timing mode enables the S3 state used in extension of the read pulse 
access time to be omitted (if permitted by system structure) for two or three clock cycle DMA transfers. If the S3 
state is omitted, the read pulse width becomes the same as the write pulse width with the address updated in S2 
and the read or write operation executed in S4. This mode is disregarded if the transfer is memory-memory transfer. 
transfer. 


EXTENDED WRITING 


When this mode is set, the iIOW or MEMW signal which normally appears during the S3 state is obtained during 
the S2 state, thereby extending the write pulse width. The purpose of this extended write pulse is to enable the 
system to accomodate memories and |/O devices where the access time is slower. Although the pulse width can 
also be extended by using READY, that involves the insertion of a SW state to increase the number of states. 
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DESCRIPTION OF INTERNAL REGISTERS 


CURRENT ADDRESS REGISTER 


Each channel is equipped with a 16-bit long current address register where the transfer address is held during 
DMA transfers. The register value is incremented (or decremented) in each DMA cycle. Although this register is 
16 bits long, the CPU is accessed by the MSM82C37A eight bits at a time, therefore necessitating two successive 
8-bit (lower and higher order bits) reading or writing operations using internal first/last flip-flops. 

When autoinitialize has been set, the register is automatically initialized to the original value after TC. 


CURRENT WORD COUNT REGISTER 


Each channel is also equipped with a 16-bit long current word count register where the transfer count is held 
during DMA transfers. The register value is decremented in each DMA cycle. When the word count value reaches 
~ FFEFF(H) from OOOO(H), a TC is generated. Therefore, a word count value which is one less than the actual number 
of transfers must be set. 
Since this register is also 16 bits long, it is accessed by first/last flip-flops control in the same way as the address 
register. And if autoinitialize has been set, the register is automatically initialized to the original value after TC. 


BASE ADDRESS REGISTER AND BASE WORD COUNT REGISTER 


value of each current register is held. The same values are written in each base register and the current register by the 
CPU. The content of the current register can be made ready by the CPU, but the contents of the base register cannot 
be read. 


COMMAND REGISTER: 


This 8-bit write-only register prescribes DMA operations for all MSM82C37A channels. An outline of all bits 
is given in Figure 3. When the controller is disabled by setting DB2, there is no HRQ output even if the DMA request 
is active. | . ; 

DREOQO and DACK signals may be active high or active low by setting DB6 and DB7. 





: Memory-memory transfer disabled 








- Oo 


: Memory-memory transfer enabled 






: Channel O address hold disabled 


: Channel O address hold enabled 
(Invalid when DBO = “0’’) 








: Controller enabled 





: Controller disabled 






: Normal timing 










: Compressed timing 
(Invalid when DBO = '‘1"") 








: Fixed priority 


: Rotating priority 





: Normal write pulse width 





: Extended write pulse width 


: DREQ sense active “H’’ 


: DREQ sense active one 






=~. Oo 





: DACK sense active ‘‘L’’ 


: DACK sense active ‘‘H’’ 






Fig. 3 Command register 
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MODE REGISTER 


Each channel is equipped with a 6-bit write-only mode register, which decides by setting DBO, DB1 which 
channel is to be written when writing from the CPU in programming status. The bit description is outlined in 
Figure 4. 

This register is not cleared by Reset or Master Clear instruction. 


: Channel 0 selected 
: Channel 1 selected 
: Channel 2 selected 
: Channel 3 selected 


: Verify transfer 
: Write transfer 
: Read transfer 
: Disabled 
(Invalid when DB6:DB7 = “11") 


: Auto initialize disabled 
: Auto initialize enabled 


: Address increment (+1) selected 
: Address decrement (—1) selected 


: Demand transfer mode selected 
: Single transfer mode selected 

: Block transfer mode selected 

: Cascade mode selected 


Fig. 4 Mode register 





REQUEST REGISTER 


In addition to using the DREO signal, the MSM82C37A can request DMA transfers by software means. This 
involves setting the request bit of the request register. Each channel has a corresponding request bit in the request 
register, and the order of priority of these bits is determined by the priority decision circuit irrespective of the mask 
register. DMA transfers are acknowledged in accordance with the decided order of priority. 

All request bits are reset when the TC is reached, and when the request bit of a certain channel has been 
received, all other request bits are cleared. When a memory-memory transfer is commenced, the channel 0 request 
bit is set. The bit description is outlined in Figure 5. 


: Channel O selected 
: Channel 1 selected 
: Channel 2 selected 
: Channel 3 selected 


: Request bit cleared 
: Request bit set 


Not used 


Fig. 5 Request register 
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MASK REGISTER 


This register is used in disabling and enabling of DMA transfers in each channel. Each channel includes a 
corresponding mask bit in the mask register, and each bit is set when the TC is reached if not in autoinitialize mode. 
This mask register can be set in two different ways. 

The method for setting/resetting the register for each channel is outlined in Figure 6(a), while the method for 
setting/resetting the register for all channels at once is outlined in Figure 6(b). ; 


: Channel 0 selected 
: Channel 1 selected 
: Channet 2 selected 
: Channe! 3 selected 


: Mask bit cleared 
: Mask bit set 


Not used 


a) Single mask register (setting/resetting for each channel) 


: Channel 0 mask bit cleared 
: Channel 0 mask bit set 


: Channel 1 mask bit cleared. 
: Channel 1 mask bit set 


: Channel 2 mask bit cleared 
: Channel 2 mask bit set 


: Channel 3 mask bit.cleared 
: Channel 3 mask bit set 


Not used 


(b) All mask register (setting/resetting of all channels at once) 


| Fig. 6 Mask register 
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STATUS REGISTER 


This register is a read-only register used in CPU reading of MSM82C37A status. The four higher order bits 
indicate the DMA transfer request status for each channel, 1’ being set when the DREOQ input signal is active. 

The four lower order bits indicate whether the corresponding channel has reached the TC or not,'‘1’ being 
set when the TC status is reached. These four lower order bits are reset by status register reading, or RESET input 
and master clearing. A description of each bit is outlined in Figure 7. 


[87 | 086 | os | vee | oss | os2 | oer | 80 


: Channel O has not reached TC 
: Channel O has reached TC 


crm! 
- © 


: Channel 1 has not reached TC 
: Channel 1 has reached TC 


- © 


: Channel 2 has not reached TC 
: Channel 2 has reached TC. 


= © 


: Channel 3 has not reached TC 
: Channel 3 has reached TC 


- © 


: Channel O is not requesting 
: Channel O is requesting 


: Channel 1 is not requesting 
: Channel 1 is requesting 


- © 


: Channel 2 is not requesting 
: Channel 2 is requesting 


- © 


:, Channel 3 is not requesting 
: Channel 3 is requesting 


{; 


- Oo 


Fig. 7 Status register 





TEMPORARY REGISTER 


The temporary register is a register where transfer data is held temporarily during memory-memory transfers. 
Since the last item of data to be transferred is held after completion of the transfer, this item can be read by the 
CPU. 


SOFTWARE COMMAND 
The MSM82C37A is equipped with software commands for executing special operations to ensure proper 
programming. Software command is irrespective of data bus contents. 


CLEAR FIRST/LAST FLIP-FLOP 


16-bit address and word count registers are read or written in two consecutive Operations involving eight bits 
each (higher and lower order bits) under data bus port control. The fact that the lower order bits are accessed first 
by the MSM82C37A, followed by accessing of the higher order bits, is discerned by the internal first/last flip-flop. 


This command resets the first/last flip-flop with the eight lower order bits being accessed immediately after execution. 


MASTER CLEAR 


The same operation as when the hardware RESET input is applied. This command clears the contents of the 
command, status (for lower order bits), request, and temporary registers, also clears the first/last flip-flop, and sets 
the mask register. This command is followed by an idle cycle. - 


CLEAR MASK REGISTER 


When this command is executed, the mask bits for all channels are cleared to enable reception of DMA transfers. 
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PROGRAMMING 


The MSM82C37A is switched to programming status when the HLDA input and CS are both at low level. In 
this state, OR is changed to low level with IOW held at high level to enable reading by the CPU, or else |OW is 
changed to low level while 1OR is held at high level to enable writing by the CPU. 7 

A list of command codes for reading from the MSM82C37A-5 is given in Table 2, and a list of command codes 
for writing in the MSM82C37A is given Table 3. 4 


Note: If a DMA transfer request is received from an I/O device during MSM82C37A programming, that DMA 
_ transfer may be commenced to prevent proper programming. . 
‘To prevent this interference, the DMA channel must be masked, or the controller disabled by the command 
register, or the system set so as to prevent DREQ becoming active during the programming. 


Table 2 List of MSM82C37A-5 read commands 














as | Internal | 
cs A2 Al AO first/last Read out data 
flip/flop 





8 lower order bits 
Current word count | 8 tower order bits 


Giesat addres 8 lower order bits 

1 register 8 higher order bits 
Channel O 

eae 8 higher order bits 





8 lower order bits 
Current word count | Blower order bits 
register : 

: 8 higher order bits 


Current address 8 lower order bits 
ai 8 higher order bits 

Channel 2 
| Current word count | 8 lower order bits 





Current address 8 lower order bits 
ewer 8 higher order bits 
Channel 1 












oo 
8 

[rower 
ro 






Current address 
register 


mies 8 higher order bits 







Channel 3 






Current word count 
register 








« 
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Table 3 List of MSM82C37A write commands 


Written data 


Current and base 8 lower Ore Epis 
dd i 

abi 8 higher order bits 

Current and base 8 lower order bits 
ord count registers 

oa eae 8 higher order bits 


8 lower order bits 










Internal 
first/last 
flip-flop 



















Current and base 
address registers 









8 higher order bits 


) 
| oO it 

Current and base 

ord count ist 
ia asia higher order bits 

8 lower order bits 

8 higher order bits 
Current and base | 8 lower order bits 


word count registers 














Current and base 
address registers 






8 higher order bits 











8 lower order bits 


8 higher order bits 
lo fe) i 
Current and base 
word count registers S ‘higher order bits 







Current and base 
address registers 

















re 
re Co 
a 
eo 
ace 
oo 













Master clear (software command) 
Clear mask register (software command) 
Ali mask register 
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PROGRAMMABLE DMA CONTROLLER 











GENERAL DESCRIPTION 


The MSM82C37A-5RS/GS/JS, DMA (Direct Memory Access) controller is capable of high-speed data transfer 
without CPU intervention and is used as a peripheral device in microcomputer systems. The device features four 
independent programmable DMA channels. 

Due to the use of silicon gate CMOS technology, standby current is 10 »A (max.), and power consumption 
is as low as 10 mA (max.) when a 5 MHz clock is generated. 


FEATURES 

* Maximum operating frequency of 5 MH2(V c= 5 V+10%) * DREQ and DACK input/output logic inversion 

* High-speed operation at very low power consumption * DMA address increment/decrement selection 
due to silicon gate CMOS technology * Memory-to-Memory Transfers 

* Wide power supply voltage range of 3 to 6 V * Channel extension by cascade connection 

* Wide operating temperature range from —40° to .*° DMA transfer termination by EOP input 
+85°C * 40-pin DIP (MSM82C37A-5RS) 

-* 4-channels independent DMA control * 44-pin PLCC package (MSM82C37A-5JS) 
* DMA request masking and programming * Intel 8237A-5 compatibility 
* DMA request priority function’ *TTL Compatible 


PIN CONNECTIONS 


40-pin plastic DIP (top view) 44-pin plastic flat-package (top view) 





44-PIN PLCC PACKAGE 





ee oe Bb eB (top view) 
242583392245 
65 4 3 2 1 444342 41 4 
apiog?7— O 39 PNC 
AD9 8 381) A19/S6 
AD8 G9 BHE/S? 
AD? 410 36 1 MN/MX 
AD6 (11 NAD 
ADS (12 D RO’GTO (HOLD) 
AD4 (13 RO/GTI (HULDA) 
AD3 14 ) LOCK iwA) 
AD2 (15 3111 $2 (mM/i0) 
AD1 (116 30P St (oT) 


ADO {}17 290 SO (DEN) 


fo) 
a 
ome) 
7 
~S 
= 


Note: N.C. (No Connection) 
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Timing 
control 
circuit 


HLDA 


HROQ , 
Priority 


: judgement 
DREQO ~ 3 circuit 


DACKO~3 


Decrementer 


TC (Terminal! Count) Temporary word 
count register (16) 


Base word 
count 
register 

(4 x 16) 


Mode 
register 


Command 
register (8) 


“Mask 
register (4) 


Request 
register (4) 


Current 
word 
count 
register 
(4 X 16) 


Status 
register (8) 





Incrementer/decrementer 


Temporary address 
register (16) 


Base 
address 
register 
(4 xX 16) 


Current. 
address 
register 
(4 xX 16) 


Temporary 
register (8) 


Input/Output 
buffer 


Command 
control 
circuit 


input/output <ieeky DBO~ DB7 
buffer 





WVYSVIC 490718 


= Sf/S9D/SHS-VZEDZSINSW -O/I & 


= 1/O-MSM82C37A-5RS/GS/JS m 
ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Conditions | 
. MSM82C37A-5RS | MSM82C37AS6S | MSM82C37A-5JS 


Input voltage . ae respect te —0.5 ~ Voc + 0.5 | 


: 















Output voltage | Vout ~0.5 ~ V.. + 0.5 





OPERATING RANGES 





Power supply voltage 
Operating temperature | 


RECOMMENDED OPERATING CONDITIONS 


Power supply voltage | Veco | 


Vcc 





DC CHARACTERISTICS 


“L” output voltage 1OL=3.2 mA 7 
“H”’ output voltage 1OH=—1.0mA . 
ICC 



















Input leak current OVS Vin $ Vec 


. Inpyt frequency 
Average power supply 5 MHz, whenRESET 
Vin =0 V/Vecc. 
Cy =0 pF 


current during 
—1CCS 







operations 


Power supply current 
in standby mode 
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AC CHARACTERISTICS 


DMA (MASTER) MODE | 
(Ta = -40 ~ +85°C, Vcc = 4.5 ~ 5.5V) 


TAEL Delay time from CLK falling edge 
up to AEN leading edge 


lay ti 
TAET Delay time aOme CLK rising edge 130 
up to AEN trailing edge 
TAFAB Delay time from CLK rising edge 
. up to address floating status 










200 







120 





TAFC Delay time from CLK rising edge 
up to read/write signal floating status 
TAFDB Delay time from CE rising edge 
up to data bus floating status 
TAHR GOES valid nels time to 
read signal trailing edge 
TAHS pate valid hold time to ADSTB 
trailing edge 
TAHW Aaaies: valid Hele time to 
write signal trailing edge 


Delay time from CLK falling edge 170 
up to active DACK 
Delay time from CLK rising edge 

TAK —— 
up to EOP leading edge no 
Delay time from CLK rising edge 170 
up to EOP trailing edge 


170 













170 









TASM Time from CUS rising edge up to 
address valid 
TASS 


Clock high-level time 





Data set-up time to ADSTB 
trailing edge 
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TCL — Clock low-level time 
TCY CLK cycle time 


A 


x 


Unit Comments 


(Note 6) 


Delay time from CLK rising edge ‘ 


TDCL (Note 2) 


to read/write signal leading edge 







Delay time from CLK rising edge 


, ne (Note 2) 
to read signal trailing edge 


TDCTR 


Delay time from CLK rising edge 


TDCTW ae: is 
to write signal trailing edge 


(Note 2) 


‘Delay time from CLK rising edge 


TDQ to HRQ valid 


2 


(7) 


TEPS OP ieading edge set-up time to 


- CLK falling edge 


TEPW EOP pulse width 220 


Delay time from CLK rising edge 
to address valid 


oO 


TFAAB 1 


J 


0 


TEAC Time from CLIK rising edge up to 
active read/write signal 
Delay time from CLK rising edge 


TEADE to data valid 


200 





HLDA valid set-up time to 
‘CLK rising edge 


+ 
< 
” 


75 





Input data hold time to MEMR 
trailing edge 







TIDH 





Input data set-up time to MEM 


TIDS Me 
trailing edge 


_ 
Ss 
© 









Output data hold time to MENW 


TODH ee. 
trailing edge 


Time from output data valid to 


wey MEMW trailing edge 


125 








DREQ set-up time to CLK falling 








TQs * (Note 3) 
edge . 
TRH READY hold time to CLK falling 
_ edge 
TRS READY set-up time to CLK falling 






edge 


Delay time from CLK rising edge 


TSTL 130 


to ADSTB leading edge 





Delay time from CLK rising edge 


Thy to ADSTB trailing edge 


N. 
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SLAVE MODE 
(Ta = -40 ~ +85°C, Vcc = 4.5 ~ 5.5V) 
Time from address valid or CS 


leading edge to IOR leading edge 


Address valid set-up time to [OW 130 
trailing edge 


TAR 
TAW 
TCW ee ee 
!OW trailing edge 
TOW 
TRA 









Data valid set-up time to [OW 
ie 130 
trailing edge 
Address or CS hold time to IOR 
trailing edge 
TRDE Data access time to IOR leading 
edge 
TRDE Delay time to data floating status 70 
from IOR trailing edge 
Time to first active IOR or [OW 


TRS 
from RESET trailing edge 
TWA 
awe CS trailing edge hold time to [OW 
WD 










Supply power leading edge set-up 
time to RESET trailing edge 



















p TRW 1OR pulse width 
Address hold time to IOW trailing 
20 
edge 
jw trailing edge 
Data hold time to IOW trailing edge 
Tos | TOW pute wi <a 





1. Output load capacitance of 150 (pF). 

2. tOWand MEMW pulse widths of TCY-100 (ns) for normal writing, and 2TCY-100 (ns) for extended writing. 
1OR and MEMR pulse widths of 2TCY-50 (ns) for normal timing, and TCY-50 (ns) for compressed timing. 

3. DREQ and DACK signal active level can be set to either low or high. !n the timing chart, the DREQ signal 
has been set to active-high, and the DACK signal to active-low. 

4. When the CPU executes continuous read or write in programming mode, the interval during which the read 
or write pulse becomes active must be set to at least 400 ns. 

5. EOP is an open drain output. The value given is obtained when a 2.2 kohm pull-up resistance is connected 
to VCC. . 

6. Rise time and fall time is less than 10 ns. 

7. Waveform measurement points for both input and output signals are 2.2 V for HIGH and 0.8 V for LOW, 
unless otherwise noted. 
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TIME CHART 
RESET TIMING 


1OR, |OW 





SLAVE MODE WRITE TIMING 





_ 1 ce ee 
CS 
TWC 
TWWS 
lOW 
TWA 
A0~ A3 ( Input valid address B. 
TWD 


TOW 


SLAVE MODE READ TIMING 


_ Input valid address 
TA . . 


; . \ 
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DMA TRANSFER TIMING 


ihe t: Ethie 
TC 
won the it UR 


AEN 
——————____—_f 
ae 
ADSTB 
DBO ~ DB7 —_—_——_—_f 


ne 
iz TAH 


ao~ay + tT | non~ar | | “Te 


DACK React 
ae TAFC 
foR,MeMR OO 


iow, MEMW = ——-_————_f 





TAFAB 








al i 


TAK 
(Extended \~ 


Internal EOP (output) ase 


TEPS —— 


as _TEPW 
External EOP (input) f 
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MEMORY TO MEMORY TRANSFER TIMING | 


Valid address AO~ 7 


input 


MEMR 


Internal EOP 
(output) 


External EOP 
(input) 





READY TIMING 


1IOR, MEMR . 


low, MEMW 


(Extended 
/ write ‘ 
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COMPRESSED TRANSFER TIMING 


1OR, MEMR 


1OW, MEMW 


Internal EOP 
(output) 





External EOP 
(input) 
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PIN FUNCTIONS | 


output 


Clock Input Control of MSM82C37A-5 internal operations 
and data transfer speed. 
Chip select Input CS is active-low input signal used for the CPU 
to select the MSM82C37A-5 as an 1/O device 
. in anidlecycle. — 
RESET Reset Input RESET is active-high asynchronous input signal 
used to clear command, status, request, 
| temporary registers, and first/last F/F, and to 
set mask register. The MSM82C37A-5 enters 
an idle cycle following a RESET. yr 
Ready Input The read or write pulse width can be extended 
to accomodate slow access memories and |/O 
devices when this input is switched to low 
level. Note this input must not change within the 
' prescribed set-up/hold time. =— 


Hold ' Input HLDA is active-high input signal used to indicate 
that system bus contro! has been released when 
a hold request is received by the CPU. 
DREQO ~ DR EQ3 












DMA request 
0 ~ 3 channels 


acknowledge 
Input DREQ is asychronous DMA transfer request 
input signals. Although these pins are switched 
to active-high by reset, they can be programmed 
to become active-low. DMA requests are received 
in accordance with a prescribed order of priority. 
DREQ must be held until DACK becomes active. 
DBO ~ DB7 > Data bus 0 ~ 7 Input/ DB is bidirectional three-state signals connected 
output to the system data bus, and which is used as 
an input/output of MSM82C37A-5_ internal 
registers during idle cycles, and as an output 
of the eight higher order bits of transfer addresses 
during active cycles. Also used as input and 
Output of transfer data during memory-memory 
transfers. 
1/O read Input/ 
se 
1/O write Input/ 
output _ 
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1OR is active-low bidirectional three-state signal 
used as an input control signal for CPU reading 
of MSM82C37A-5 internal registers during idle 
cycles, and as an output control signal for reading 
1/O device transfer data in writing transfers 
during active cycles. 





TOW is active-low bidirectional three-state signal 
used as an input control signal for CPU writing 
of MSM82C37A-5 internal registers during 
idle cycles, and as an output control signal 
for writing 1/O device transfer data in writing 
transfers during active cycles. 











I t 
a tone | — 
output 


End of process Input/ 
output 


AO ~ A3 Address 0 ~ 3 Input/ 
output 


A4 ~ A7 Address 4 ~ 7 
Hold request Output 


DACKO ~ DACK3 DMA Output 
acknowledge 
0 ~ 3 channels 
- 






EOP is active-low bidirectional three-state signal. 
Unlike other pins, this pin is an N-channel 
open drain. During DMA operations, a low-level 
Output pulse is obtained from this pin if the 
channel word count changes from OOOOH to 
FFFFH. 


And DMA transfers can be terminated by pulling 
the EOP input to low level. Both of- these 
actions are called terminal count (TC). 


When an internal or external EOP is generated, 
the MSM82C37A-5 terminates the transfer 
and resets the DMA request. 


When the EOP pin is not used, it is necessary 
to hold the pin at high level by pull-up resistance 
to prevent the input of an EOP by error. Also 
note that the EOP function cannot be satisfied 
in cascade mode. 














AO~A3 is bidirectional three-state signals used 
as input signals for specifying the MSM82C37A-5 
internal register to be accessed by the CPU during 
idle cycles, and as an output the four lower 
Order bits of the transfer address during active 
cycles. 


A4~A7 is three-state signals used as an output 
the four higher order bits of the transfer address 
during active cycles. 





HRQ is active-high signal used as an output 
of hold request to the CPU for system data 
bus control purposes. After HRQ has become 
active, at least one clock cycle is required 
before HLDA becomes active. 





DACK is output signals used to indicate that 
DMA transfer +o peripheral devices has been 
permitted. (Available in each channel.) 








Although these pins are switched to active-low 
when reset, they can be programmed to become 
active-high. 





Note that there is no DACK output signal during 
memory-memory transfers. 














AEN is active-high output signal used to indicate 
that output signals sent from the MSM82C37A-5 
to the system are valid. And in addition to 
enabling external latch to hold the eight higher 
order bits of the transfer address, this signal 
is also used to disable other system bus buffers. 
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output . 
Address strobe Output ADSTB is active-high signal used to strobe 
the eight higher order bits of the transfer address 
by external latch. . 


Memory read ‘Output MEMR is active-low three-state output signal 
used as a control signal in reading data from 
memory during read transfers and memory- 
memory transfers. » 





Memory write . - MEMW is active-low three-state output signal 
used as a control signal in writing data into 
memory during write transfers and memory: . 
memory transfers. 
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Internal/ 
external DMA 
equest 






memory-memory 
transfer 






External EOP 


EOP. F/F setting 





External EOP 


Compressed 
timing 











" EOP.F/F setting 


Internal/ 
external EOP 







Single 
transfer 














tnternal/ 
external EOP 





Demand 
External DMA 


request 






Carry or borrow Note: Y.... Yes (Active) 


N....No (Inactive) 


Fig. 1 DMA operation state transition diagram 
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OUTLINE OF FUNCTIONS. 


The MSM82C37A-5 consists of five blocks = three logic sections, an internal register section, and a coun- 
ter section. 

The logic sections include a timing control block where the internal timing and external control signals are 
generated, a command control block where each instruction from the CPU is decoded, and a priority decision 
block where the order of DMA channel priority is determined. The purpose of the internal register section is to 
hold internal states and instructions from the CPU, while the counter section computes addresses and word counts. 


DESCRIPTION OF OPERATIONS 


The MSM82C37A-5 operates in two cycles (called the idle and active cycles) which are divided into indepen- 
- dent states. Each state is commenced by a clock falling edge and continues for a single clock cycle. The transition 
from one state to the next in DMA operations is outlined in Figure ie 


IDLE CYCLE 


The idle cycle is entered from the SI state when there is no valid DMA request on any MSM82C37A-5 chan- 
nel. During this cycle, DREQ and CS inputs are monitored during each cycle. When a valid DMA request is then 
received, an active cycle is commenced. And if the HLDA and cs inputs are at low level, a programming state 
is started with MSM82C37A-5 reading or writing executed by IOR or 1OW. Programming details are described later. 


ACTIVE CYCLE 


If a DMA request is received in an unmasked channel while the MSM82C37A- 5 is in an idle cycle, or if a software 
DREQ is generated, the HRQ is changed to high level to commence an active cycle. The initial state Of an active 
cycle is the SO state which is repeated until the HLDA input from the CPU is changed to high level. (But because 
of internal operational reasons, a minimum of one clock cycle is required for the HLDA is be changed to high level 
by the CPU after the HRO has become high level. That is, the SO state must be repeated at least twice.) 

After the HLDA has been.changed to high level, the SO state proceeds to operational states S1 thru S4 during 
1/O-memory transfers, or to operational states S11 thru S14 and S21 thru S24 during memory-memory transfers. 

If the memory or 1/O device cannot be accessed within the normal timing, an SW state (wait state) can be 
inserted by a READY input to extena the timing. 





DESCRIPTION OF TRANSFER TYPES 


MSM82C37A-5 transfers between an I/O and memory devices, or transfers between memory devices. The three 
types of transfers between 1/O and memory devices are read, write, and verify. 


1/O-MEMORY TRANSFERS 


The operational states during an 1/O-memory transfer are S1, S2, $3, and S4. 

In the S1 state, an AEN output is changed to high level to indicate that the control signal from the 
MSM82C37A-5 is valid. The eight lower order bits of the transfer address are obtained from AO thru A7, and the 
eight higher order bits are obtained from DBO thru DB7. The ADSTB output is changed to high level at this time 
to set the eight higher order bits in an external address latch, and the DACK output is made active for the channel 
where the DMA request is acknowledged. Where there is no change in the eight higher bit transfer address curing 
demand and block mode transfers, however, the $1 state is omitted. 

In the S2 state, the 1OR or MEMR output is changed to low level. 

In the S3 state, IOW or MEMW is changed to low level. Where compressed timing is used, however, the S3 
state is omitted. 

The S2 and S3 states are 1/O or memory input/output timing control states. | . 

In the S4 state, iOR, IOW, MEMR, and MEMW are changed to high level, and the word count register is 
decremented by 1 while the address register is incremented (or decremented) by 1. This completes the DMA transfer 
of one word. | 

Note that in 1/O-memory transfers, data is transferred directly without being taken in by the MSM82C37A-5. 
The differences in the three types_of 1/O-memory transfers are indicated below. . 
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READ TRANSFER 


Data is transferred from memory to the !/O device by changing MEMR and !JOW to low level. MEMW and |OR 
are kept at high level during this time. 


WRITE TRANSFER 


Data is transferred from the I/O device to memory by changing MEMW and IOR to low level. MEMR and |OW 
are kept at high level during this time. 
Note that writing and reading in these write and read transfers are with respect to the memory. 


VERIFY TRANSFER 


Although verify transfers involve the same operations as write and read transfers (such as transfer address 
generation and EOP input responses), they are in fact pseudo transfers where all !/O and memory reading/writing 
control signals are kept inactive. READY inputs are disregarded in verify transfers. 


MEMORY-MEMORY TRANSFERS 


Memory-memory transfers are used to transfer data blocks from one memory area to another. 

Memory-memory transfers require a total of eight states to complete a single transfer four states (S11 
thru $14) for reading from memory, and four states (S21 thru S24) for writing into memory. These states are 
similar to |/O-memory transfer states, and are distinguished by using two-digit numbers. 

In memory-memory transfers, channel O is used for reading data from the source area, and channel 1 is 
used for writing data into the destination area. During the initial four states, data specified by the channel O ad- 
dress is read from the memory when MEMR is made active, and is taken in the MSM82C37A-5 temporary register. 
Then during the latter four states, the data in the temporary register is written in the address specified by channel 
1. This completes the transfer of one byte of data. With channel O and channel 1 addresses subsequently in- 
cremented (or decremented) by 1, and channel O, 1 word count decremented by 1, this operation is repeated. 
The transfer is terminated when the word count reaches FFFF(H) from OQOOO(H), or when an EOP input is applied 
from an external source. Note that there is no DACK output signal during this transfer. 


The following preparations in programming are requiring to enable memory-memory transfers to be started. 


COMMAND REGISTER SETTING 


Memory-memory transfers are enabled by setting bit O. Channel O address can be held for all transfers by 
setting bit 1. This setting can be used to enable 1-word contents of the source area to be written into the entire 
destination area. 





MODE REGISTER SETTING 


The transfer type destination is disregarded in channels 0 and 1. Memory-memory transfers are always executed 
in block transfer mode. 


REQUEST REGISTER SETTING 


Memory-memory transfers are started by setting the channel O request bit. 


MASK REGISTER SETTING 


Mask bits for all channels are set to prevent selection of any other channel apart from channel 0. 


WORD COUNT REGISTER SETTING 


The channel 1 word count is validated, while the channel 0 word count is disregarded. 
In order to autoinitialize both channels, it is necessary to write the same values into both word count registers. 
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DESCRIPTION OF OPERATION MODES 


SINGLE TRANSFER MODE 


In single transfer mode, only one word is transferred, and the addresses are incremented (or decremented) 
by 1 while the word count is decremented by 1. The HRQ is then changed to low level to return the bus control 
to the CPU. If DREQ remains active after completion of a transfer, the HRQ is changed to low level. After the 
HLDA is changed to low level by the CPU, and then changes the HRO back to high level to commence a fresh 
DMA cycle. For this reason, a machine cycle can be inserted between DMA cycles by the CPU. 


BLOCK TRANSFER MODE 


Once a DMA transfer is started in block mode, the transfer is continued until terminal count (TC) status is 
reached. 

If DREQ-remains active until DACK becomes active. the DMA transfer is continued even if DREO pecomes 
inactive. 


DEMAND TRANSFER MODE 


The DMA transfer is continued in demand transfer mode until DREQ is no longer active, or until TC status is 
reached. 

During a DMA transfer, intermediate address and word count values are held in the current address and current 
word count registers. Consequently, if the DMA transfer is suspended as a result of DREQ becoming inactive before 
TC status is reached, and the DREQ for that channel is then made active again, the suspended DMA transfer. is 

" resumed. 


CASCADE TRANSFER MODE 
When DMA transfers involving more than four channels are required, connecting a multiple number of 


MSM82C37 A-5 devices in a cascade connection (see Figure 2) enables a simple system extension. This mode is set 
by setting the first stage MSM82C37A-5 channel to cascade mode. The DREQ and DACK lines for the first stage 
MSM82C37A-5 channel set to cascade mode are connected to the HRQ and HLDA lines of the respective 
MSM82C37A-5 devices in the second stage. The first stage MSM82C37A-5 DACK signal must be set to active-high, 
and‘the DREQ signal to active-low. 

Since the first stage MSM82C37A-5 is only used functionally in- determining the order of priority of each 
channel when cascade mode is set, only DREQ and DACK are used — all other inputs are disregarded. And since the 
system may be hung.up if the DMA transfer is activated by software DREQ, do not set a software DREQ for channels 
where cascade mode has been set. 

In addition to the dual stage cascade connection shown in ray re 2, triple stage cascade connections are possible 
with the second stage also set to cascade mode. 





MSM82C37A-5 


Stage 2 
MSM82C37A-5 


Fig. 2 MSM82C37A-5 cascade connection system 
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AUTOINITIALIZE MODE 


Setting bit 4 of the mode register enables autoinitialization of that channel. Following TC generation, au- 
toinitialize involves writing of the base address and the base word count register values in the respective current 
address and current word count registers. The same values as in the current registers are written in the base 
registers by the CPU, and are not changed during DMA transfers. 


When a channel has been set to autoinitialize, that channel may be used in a second transfer without involving 
the CPU and without the mask bit being reset after the TC generation. 
PRIORITY MODES | 

The MSM82C37A-5 makes use of two priority decision modes, and acknowledges the DMA channel of highest 
priority among the DMA requesting channels. 
FIXED PRIORITY MODE 


In fixed priority mode, channel O has the highest priority, followed by channel 1, 2, and 3 in that order. 


ROTATING PRIORITY MODE 


In rotating priority mode, the order of priority is changed so that the channel where the current DMA transfer 
has been completed is given lowest priority. This is to prevent any one channel from monopolizing the system. 
The fixed priority is regained immediately after resetting. 


Table 1 MSM82C37A-5 priority decision modes 


CH1 CH3 CHO 
‘CHO CH1 
CH1 CH2 
CH2 CH3 


Highest 
P 


Setting the MSM82C37A-5 to compressed timing mode enables the S3 state used in extension of the read pulse 
access time to be omitted (if permitted by system structure) for two or three clock cycle DMA transfers. If the S3 
state is omitted, the read pulse width becomes the same as the write pulse width with the address updated in S2 


and the read or write operation executed in S4. This mode is disregarded if the transfer is amemory-memory transfer. 
transfer. 







Order of priority 
for next DMA 


Lowest 





COMPRESSED TIMING 


EXTENDED WRITING 


When this mode is set, the iOW or MEMW signal which normally appears during the S3 state is obtained during 
the S2 state, thereby extending the write pulse width. The purpose of this extended write pulse is to enable the 
system to accomodate memories and !/O devices where the access time is slower. Although the pulse width can 
also be extended by using READY, that involves the insertion of a SW state to increase the number of states. 
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DESCRIPTION OF INTERNAL REGISTERS. 


CURRENT ADDRESS REGISTER 


Each channel is equipped with a 16-bit long current address eainte: where the transfer adaressi is held during 
DMA transfers. The register value is incremented (or decremented) in each DMA cycle. Although this register is 
16 bits long, the CPU is accessed by the MSM82C37A-5 eight bits at a time, therefore necessitating two successive 


8-bit (lower and higher order bits) reading or writing operations using internal first/last flip-flops. 
When autoinitialize has been set, the register is automatically initialized to the original value after TC. | 


CURRENT WORD COUNT REGISTER 


Each channel is also equipped with a 16 bit-long current word count register where the transfer count is 
‘held during DMA transfers. The register value is decremented in each DMA cycle. When the word count value 
reaches FFFF(H) from OOOO(H), a TC is generated. Therefore, a word count vaue which is one less than the 
actual number of transfers must be set. 

Since this register is also 16 bits long, it is accessed by first/last flip-flops control in the same way as the address 
register. And if autoinitialize has been set, the register is automatically initialized to the original value after TC. 


BASE ADDRESS REGISTER AND BASE WORD COUNT REGISTER 


Each channel is equipped with a 16-bit long base address register and base word count register where the | 
initial value of each current register is held. The same values are written in each base register and the current 
register by the CPU. The contents of ue current register can be made ready by the CPU, but the content of the 
base register cannot be read. 


COMMAND REGISTER 


This 8-bit write-only register prescribes DMA operations for all MSM82C37A-5 channels. An outline of all bits 
is given in Figure 3. When the controller is disabled by setting DB2, there is no HRQ output even if DMA request is 


active. 
DREQ and DACK signals may be active high or active low by setting DB6 and DB7. 


| 087 | oes | 08s | oes | oa | os | oar | 020 | 





: Memory-memory transfer disabled 





: Memory-memory transfer enabled 






: Channel 0 address hold disabled 


: Channel O address hold enabled 
(Invalid when DBO = “‘0’’) 









: Controller enabled 






: Controller disabled 







: Normal timing 






: Compressed timing 
(Invalid when DBO = 





4 nt) 






: Fixed priority 






: Rotating priority 






: Normal write pulse width 







: Extended write pulse width 






: DREQ sense active ‘‘H’’ 


: DREQ sense active ‘““L”’ 







: DACK sense active ‘‘L’’ 
: DACK sense active ‘’H’’ 


= 





Fig. 3 Command register 
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MODE REGISTER | 
Each channel is equipped with a 6-bit write-only mode register, which is decided by setting DBO, DB1 which 
channel is to be written when writing from the CPU is programming status. The bit description is outlined in Figure 4. 
This register is not cleared by Reset or Master Clear instruction. 


: Channel 0 selected 
: Channel 1 selected 
: Channel 2 selected 
: Channel 3 selected 


: Verify transfer 
: Write transfer 
: Read transfer 
: Disabled 
(Invalid when DB6-DB7 = “11'’) 


0: Auto initialize disabled 
: Auto initialize enabled 


: Address increment (+1) selected 
: Address decrement (—1) selected 


: Demand transfer mode selected 
: Single transfer mode selected 

: Block transfer mode selected 

: Cascade mode selected 


Fig. 4 Mode register 





REQUEST REGISTER 


In addition to using the DREQ signal, the MSM82C37A-5 can request DMA transfers by software means. 
This involves setting the request bit of request register. Each channel has a corresponding request bit in the re- 
quest register, and the order of priority of these bits is determined by the priority decision circuit irrespective of 
the mask register. DMA transfers are acknowledged in accordance with the decided order of priority. 

All request bits are reset when the TC is reached, and when the request bit of a certain channel has been 
received, all other request bits are cleared. When a memory-memory transfer is commenced, the channel O re- 
quest bit is set. The bit description is outlined in Figure 5. 


: Channel O selected 
: Channel 1 selected 
: Channel 2 selected 
: Channel 3 selected 


: Request bit cleared 
: Request bit set 


Not used 


Fig.5 Request register 
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MASK REGISTER | 

| This register is used in disabling and enabling of DMA transfers in each channel. Each channel. includes a 
corresponding mask bit in the mask register, and each bit is set when the TC is reached if not in autoinitialize mode. 
This mask register can be set in two different ways. 


The method for setting/resetting the register for each channel is outlined in Figure 6(a), while the method for 
setting/resetting the register for all channels at once is outlined in Figure 6(b). 


' Channel 0 selected 
: Channel 1 selected 
: Channel 2 selected 
: Channel 3 selected 


: Mask bit cleared 
: Mask bit set 


Not used 


: Channel 0 mask bit cleared — 
: Channel 0 mask bit set 


: Channel 1 mask bit cleared 
: Channel 1, mask bit set 


: Channel 2 mask bit cleared 
: Channel 2 mask bit set 





: Channel 3 mask bit cleared 
: Channel 3 mask bit set 


Not used 
(b) Ali mask register (setting/resetting of all channels at once) 


Fig. 6 Mask register 
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STATUS REGISTER 


This register is a read-only register used:in CPU reading of the MSM82C37A-5 status. The four higher order 
bits indicate the DMA transfer request status for each channel, ‘1’ being set.when the DREQ input signal is active. 

The four lower order bits indicate whether the corresponding channel has reached the TC or not,'1’ being 
set when the TC status is reached. These four lower order bits are reset by status register reading, or RESET input 
and master clearing. A description of each bit is outlined in Figure 7. 


| 087 | 090 | oes | oe | 089 | os2 | ost | 080 | 


: Channel O has not reached TC 
: Channel O has reached TC 


: Channel 1 has not reached TC 
: Channel 1 has reached TC 


: Channel 2 has not reached TC 
: Channel 2 has reached TC. 


: Channel 3 has not reached TC 
: Channel 3 has reached TC 


: Channel O is not requesting 
: Channel O is requesting 


: Channel 1 is not requesting 
: Channel! 1 is requesting 


: Channel 2 is not requesting 
: Channel 2 is requesting 


: Channel 3 is not requesting 
: Channel 3 is requesting 





Fig. 7 Status register 





TEMPORARY REGISTER 


The temporary register is a register where transfer data is held temporarily during memory-memory transfers. 
Since the last item of data to be transferred is held after completion of the transfer, this item can be read by the 
CPU. 


SOFTWARE COMMAND 


The MSM82C37A-5 is equipped with software commands for executing special operations to ensure proper 
programming. Software command is irrespective of data bus contents. 


CLEAR FIRST/LAST FLIP-FLOP | 


16-bit address and word count registers are read or written in two consecutive operations involving eight 
bits each (higher and lower order bits) under data bus port control. The fact that the lower order bits are accessed 
first by the MSM82C37A-5, followed by accessing of the higher order bits, is discerned by the internal first/last 
flip-flop. This command resets the first/last flip-flop with the eight lower order bits being accessed immediately 
after execution. 
MASTER CLEAR 


The same operation as when the hardware RESET input is applied: This command clears the contents of 
the command, status (for lower order bits), request, and temporary registers, also clears the first/last flip- -flop, 
and sets the mask register. This command is followed by an idle cycle. 


CLEAR MASK REGISTER 


When this command is executed, the mask bits for all channels are cleared to enable reception of DMA transfers. 
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PROGRAMMING 


The MSM82C37A-5 is switched to programming status when the HLDA input and CS are both at low level. In 
this state, 1OR is changed to low level with IOW held at high level to enable reading by the CPU, or else OW is 
changed to low level while IOR is held at high level to enable writing by. the CPU. | 

A list-of command codes for reading from the MSM82C37A-5 is given in Table 2, and a list of command codes 
for writing in the MSM82C37A-5 is given Table 3. | 


Note: if a DMA transfer request is received from an I/O device during MSM82C37A-5 programming, that DMA 
transfer may be commenced to prevent proper programming. 


To prevent this interference, the DMA channel must be masked, or the controller disabled by the command 
register, Or the system set so as to prevent DREQ becoming active during the programming. — 


Table 2 List of MSM82C37A-5 read commands 


Current address . 

sees 8 higher order bits | | 
Channel 0 

Current word count 8 lower order bits 

register 


Gientnaaree 8 lower order bits 
regent 8 higher order bits 
Channel 1 






Internal 
first/last 
flip/flop 







































z 8 lower order bits 
Current word count 





iene 8 higher order bits 


8 lower order bits 









Current address 
register 





8 higher order bits 


Eee! 

bonne Channel 2 

a Current word count 
| a register 
Ea le Current ane 
ae register 
a Channel 3 , , 
am : 





| 8 lower order bits 
Current word count 
register . st 
rs 8 higher order bits 
Status register 
Temporary register 







REUSE Taree ee AL eLe ere Pee Teele I | 
”n 





Output data invalid 
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Table 3 List of MSM82C37A-5 write commands 


Internal . | 
first/last Written data 
flip-flop 
lo order bits 
Current and base 
address registers ‘ / 
g 8 higher order bits 
lower order bi 
Current and base 6 Sr errr nit 


word count registers : : 
9 8 higher order bits 


8 lower order bits 








> 


> 


= 
Ww 


> 


= = = 
N 


> 
ro) 


Channel 0 








Current and base 
address registers 












8 higher order bits 
Channel 1 





8 lower order bits 





Current and base 
word count registers 







8 higher order bits 






8 lower order bits 
Current and base 


dd i ; ; 
a a 8 higher order bits 
8 lower order bits 


8 higher order bits 





Channel 2 





Current and base 
word count registers 













8 lower order bits 





Current and base 
address registers 












8 higher order bits 
Channel 3 













8 lower order bits 
Current and base 


ord count registers . : 
, ” Oe 8 higher order bits 


Command register 


Request register 


Fe ey fk Oo Sl Raf St oa at ll a 











Mode register 


Single mask register 


X 
X 


Xx 
Xx 
Xx 
Xx 
Xx 
Xx 
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MSM82C43RS/GS__—C os 


-INPUT/OUTPUT PORT EXPANDER 














GENERAL DESCRIPTION 


The MSM82C43 is an input/output port expander device based on 34 silicon gate CMOS technology and design- 
ed to operate at low power consumption levels. 

In systems employing the MSM80C48/49 8-bit 1-chip microcomputers, 4-bit data can be expanded by dividing 
between four I/O lines by executing the MOVDPp. A, MOVDA, Pp, ANLDPp, A and ORLDPp, A instruttions. . 


FEATURES ~~. | 
@3u silicon gate CMOS technology for low power © Bidirectional 1/O ports 
consumption ® TTL compatible (ports 4 thru 7) 
e255 to 6 V single power supply (dependeft on © 24-pin DIP (MSM82C43RS) 
‘MSMB80C 48/49 operating frequency.) | — @ 24-pin flat package (MSM82C43GS) 
e Fully static operation e Functional compatibility with Intel i8243 
FUNCTIONAL BLOCK DIAGRAM PIN CONFIGURATION 


MSM82C43RS (Top View) 24 Lead Plastic DIP 



















PORT 4 

INSTRUC. 

DECODER 
ql PORT 5 

PORT 2 
L 
ey cl PORT 6 
PROG AMD/OR 
- LOGIC 
3 ——> 

PORT 7 


RESET 
CIRCUIT 
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ELECTRIC CHARACTERISTICS 


e Absolute Maximum Ratings 


ee 
[eS Ke ENR eo” aN KS 


@ Operating Conditions 


ee sv 


Le a a (ee ET 


@ DC Characteristics (Vcc = 4.0V ~ 6. ov, Ta = -40°C ~ +85°C) 






















“L" Input Voltage 


“L" Output Voltage Ports 4-7 a 
“‘L’’ Output Voltage Port 7 | Vor2 | lor=20ma | - | 
“L" Output Voltage Port 2 ea TE 
“'L’’ Total Output Current from Ports 4-7 *3 | BmA/IPIN, | — 


“H"’ Output Voltage Ports 4-7 a 1IOH =-240nA |9.75Vcc 
“‘H"’ Output Voltage Port 2 VOH2 loH = -100uUA 0.75Vcc 


“H" Output Voltage Port 2 VOH2 loH =-20uA |0.93VcC 
Input Leak Current’ 3 NL OS Vin £Vece 
Input Leak Current’ 6 IWL2 OS Vins Vcc 


Standby stop 
No accessing 
Power Supply Current 


For continuous 
MSM80C49 access- 
ing at 11 MHz 


h 

Le 

a 

ee 

= 

ee 

“H'’ Output Voltage Ports 4-7 L Von1 | lon =-40uA |0.93Vcc] — | 
ed 

ane 

= 





NOTE: *1 The supply voltage during operation is dependent on MSM80C49 operating frequency. 
*2 €Except P20 thru P23. 
*3 P40 thru P43, P50 thru P53, P60 thru P63, P70 thru P73. 
*4 P70 thru P73. 
*5 P20 thru P23: 
*6 P20 thru P23, CS, PROG. 
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© AC Characteristics (Voc = 4.0V ~ 6.0V, Ta = -40°C ~ +85°C) 


[Parente mbt | Goncitones| wn | Max 
[Ror Gonzo Sting Time (up to PROG Fang Eape) | ta | SOF Lond | 50 | —_ 
part Control Holding Tie (From PROG Falling Ease) | te | 20pF Loan | 60 | — 
Pout Date setting Time dt | at Lom | 200 | — 
cae 

: = 



















Input Data Holding Time 
ae 


PROG Pulse Width moe 
Output Data Valid Time (at Ports 4—7) 100pF LOAD | = | 700 | 


CS Valid Time (before and after PROG) 
Input Data Holding Time (at Ports 4—7) | | otper | ss t0 
Input Data Valid Time (from PROG Falling Edge) 80pF LOAD Les 





TIMING CHART 


P20 thru P23 


(when writing) INSTRUCTION FLOAT 


tH 


P20 thru P23 


(when reading) | OUTPUT DATA 


tpo 
P40 thru P43 


2 
P70 thru P73 
(when writing) 


PREVIOUS OUTPUT DATA OUTPUT DATA 


P40 thru P43 


| : INPUT VALID 
P70 thru P73 


(when reading) 





246 





mg 1/O-MSM82C43RS/GS a 


PIN FUNCTIONS 


a 


Clock input from MSM80C49. When PROG is changed from “‘H’’ to '’L’’, MSM82C43 STARTS 
operating in accordance with an order from MSM80C49. 


Input for chip select. Outputs and internal status cannot be changed when CS is “H”’. 


4-bit bidirectional 1/O ports. When connected to P20 thru P23 of MSM80C49Q, direct data 
transfer from port to accumulator and from accumulator to port is possible. 





iain ses 4-bit bidirectional 1/O ports. 
P50 + P53 ap iee 
P60 — P63 Data is latched pave when output to ports, but is only valid while PROG is at ‘’L’’ level 
P70 — P73 when input. 
+5V power supply 
GROUND 
FUNCTIONS 
e Write mode 
Execution of MOVDPp, A, ORLDPp, A, ANLDPp, level. When at ‘’H”’ level, ports 4 thru 7 are switched 
and A by MSM80C49 enables direct output of accu- to tristate and port 2 is switched to input mode. 
mulator contents to ports 4 thru 7, and output to the 
ports after ORing or ANDing with port data. The e Address and instruction code 


port data is latched statistically at this time and 


remains unchanged until execution of the next instruc- P23 P22 


tion. 


e Read mode 


Execution of MOVDA and Pp results in data of ports 
4 thru 7 being accepted by the accumulator. Note 
that port data is valid only while PROG is at ‘’L’”’ 





e MSM82C43 Multiple connection example 


op) 
< 
Oo 
=) 
ee) 
= 
7) 
= 


SELECTOR 
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OUTPUT CHARACTERISTICS 


! 





e Standard DC characteristics e@ Standard AC characteristics 
‘Output "H” voltage (Voy) vs. output current (IO}) tpo, ty, and tacc vs. power supply voltage (Vcc) 
Ta = -40 ~ +85°C | Ta = 25°C 
= 700 
5 
> 600 
@ 
eS a 
ae £ 500 
o 
i =. 
x 5 400 
: : 
3 ~ 300 
8 3 
* 200 
Output current Iop (mA) . 100 
0 
ma i ee 
| 3 5 6 
Output “L” voltage (Voz) vs. output current (Io, ) Power supply voltege (Vcc) 


Ta = -40 ~ +85°C 





Output “’L’’ voltage Vo, (V) 





0 -1 -2 -3 -4 -5 
Output current Io _ (mA) 


Operating frequency vs. power supply voltage (Icc) 
Ta=25°C 


Power supply current Icc (mA) 


Note: The direction which the output current flows 


through the device is taken as the positive direc- 
MSM80C49 operating frequency (MHz) tion. | 
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GUARANTEED MSM82C43 OPERATING RANGE 





Ta = -40 ~ +85°C 


<—— Guaranteed operating range 


MSM80C49 operating range (MHz) 





Power supply voltage (Vcc) 
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UNIVERSAL SYNCHRONOUS ASYNCHRONOUS RECEIVER TRANSMITTER 





GENERAL DESCRIPTION 


The MSM82C51A is a USART (Universal Synchronous Asynchronous Receiver Transmitter) for serial data 
communication. 

As a peripheral device of a microcomputer system the MSM82C51A receives parallel data from the CPU 
and transmits serial data after conversion. This device also receives serial data from the outside and transmits 
parallel data to the CPU after conversion. 

The MSM82C51A configures a fully static circuit using silicon gate CMOS technology. Therefore, it oper- 
ates on extremely low power at 100 nA (max) of standby current by suspending all operations. 


FEATURES 
@ Wide power supply voltage range from 3 V to 6 V. e Error detection (parity, overrun and framing) 


e Synchronous communication upto 64K baud. e 32-pin flat package (MSM82C51 AGS) 
e Asynchronous communication upto 38.4K baud. = 
© Transmitting/receiving operations under double buf- 

fered configuration. 


FUNCTIONAL BLOCK DIAGRAM 


DATA TRANSMIT 
BUS BUFFER 
BUFFER _ -(p—g) 


TRANSMIT 
CONTROL 


RECEIVE 
BUFFER 


(S—P) 


uw 
= 
J 
72) 
2 
ma 
= 
<x 
z 
a 
uJ 
- 
cs 


MODEM 
CONTROL 


RxRDY 


RECEIVE 
CONTROL RxC 


—te SYNDET/BD 
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PIN CONFIGURATION 


121] TxEMPTY 


18] SYNDET/BD 


MSM82C51 ARS (Top View) MSM82C51 AGS (Top View) 
28 Lead Plastic DIP 32 Lead Plastic Flat Package 





FUNCTION by setting a necessary command, reading a status and 
reading/writing data. 


Outline 
The MSM82C51A’s functional configuration is 

programed by software. 
Operation between the MSM82C51A and a CPU 

is executed by program control. Table 1 shows the oper- 


ation between a CPU and the device. 


instruction 
Table 1 Operation between MSM82C51A and CPU 


Write first sync 
character 


Status > CPU 


Control word <- CPU 


Data > CPU 


Single 
sync mode 
Write second 
sync character 





Data <- CPU 

It is necessary to execute a function-setting se- 
quence after resetting the MSM82C51A. Fig. 1 shows 

the function-setting sequence. 


If the function was set, the device is ready to Fig. 1 Function-Setting Sequence 
receive a command, thus enabling the transfer of data. (Mode Instruction Sequence) 
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\ 


Control Words 


1. 
ie 


1) 
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There are two types of control word. 
Mode instruction (setting of function) 
Command (setting of operation) 


Mode Instruction 


Mode instruction is used for setting the func- | 
tion of the MSM82C51A. Mode instruction will be . 


in ‘’wait for write’ at either internal reset or ex- 
ternal reset. That is, the writing of a control word 
after resetting will be recognized as a ’’mode in- 
struction.”’ | 

Items set by mode instruction are as follows: 


@ Synchronous/asynchronous mode 





@ Stop bit length (asynchronous mode) 

e@ Character length 

@ Parity bit . . 

e Baud rate factor (asynchronous mode) 

e Internal/external synchronization (synchronous 
mode) - . - 

e No. of synchronous characters (synchronous 
mode) 

The bit configuration of mode instruction 
is shown in Fig.’s 2 and 3. In the case of synchro- 
nous mode, it is necessary to write one- or two- 
byte sync characters. 

If sync characters were written, a function 
will be set because the writing of sync characters 
constitutes part of mode instruction. 


D, De Ds Da D3 D2, dD, Do 


Baud rate factor 


Refer to 
Fig. 3 





Fig. 2 Bit Configuration of Mode Instruction (Asynchrnous) 
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D+ Dg Ds Dg D3 D4 D, Do 
Character length 


8 bits 


‘ 





. Odd . Even 
Disable es 
isa parity Disable parity 


Sy nchronous Mode 





2 char- | 14 char- 
acters acter 





Fig. 3 Bit Configuration of Mode Instruction (Synchronous) 


2) Command e Receive Enable/Disable 
Command is used for setting the operation e OTR, RTS Output of data. 
of the MSM82C51A. 
it is possible to write a command whenever 
necessary after writing a mode instruction and 
sync characters. 


e Resetting of error flag. 

@ Sending of break characters 

@ Internal resetting 

e Hunt mode (synchronous mode) 


Items to be set by command are as follows: The bit configuration of a command is shown 
@ Transmit Enable/Disable in Fig. 4. 
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Dy De Ds DO, D3 D2 Dy Do | , 
| ew | im [ars | en [sank] axe | ovm | ren | 


1.... Transmit Enable 
0....Disable 


DTR 
1>DTR=0 
0~>DTR=1 


.... Receive Enable 
...Disable 


..9end break 
character. 
...Normal operation 


....Reset error 
flag. . 
...Normal operation 





ATS 
1>RTS =0 
0->RTS =1 


... Internal reset 
....Normal operation 


...Hunt mode 
(Note) 
...Nomal operation 





(Note) Search mode for synchronous 
characters in synchronous mode. 


Fig. 4 Bit Configuration of Command 
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Status Word . 
It is possible to see the internal status of MSM- 


82C51A by reading a status word. 


—s |/O:-MSM82C51ARS/GS sa 





The bit configuration of status word is shown in 
Fig. 5. 


D> De Ds Da D3; D, D Do 
SYNDET) ef Tx Rx Tx 
/BD EMP RDY | RDY 





Partly different from 
TXRDY terminal. 
Refer to ‘’Explana- 
tion of TXRDY 
Terminal. 


Same as terminal. 
Refer to ‘‘Explana- 
tion of Terminals. 


1....Parity error 


1....Overrun error 


(Note) only asyn- 
chrnous mode. 
Stop bit cannot 
be detected. 


1....Framing error 


Shows terminal DSR. 
1....DSR =0 
0....0SR =1 


Fig. 5 Bit Configuration of Status Word 
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Standby Status 
itis possible to put the MSM82C51A in ‘’stand- 
by status”’ 
When the following conditions have been satis- 
fied the MSM82C51<A is in '’standby status.” 
(1) CS terminal is fixed at Vcc level. 
(2) Input pins other than CS, Do to D7, RD, 
WR and C/D are fixed at Vcc or GND level 
(including SYNDET in external syn- 
chronous mode). 
Note When all output currents are O, ICCS 
specification is applied. 


Pin Descriptions 


Do to D7 (I/O terminal) 

This is bidirectional data bus which receive con- 
trol words and transmits data from the CPU and sends 
status words and received data to CPU. 


RESET (Input terminal) 

A "'High”’ on this input forces the MSM82C51A 
into ‘‘reset status.’’ 

The device waits for the writing of ‘‘mode in- 
struction.’’ 

The min, reset width is six clock inputs during 
the operating status of CLK. 


CLK (Input terminal) 

CLK signal is used to generate internal device 
timing. 

CLK signal is independent of RXC or TXC. 

However, the frequency of CLK must be great- 
er than 30 times the RXC and TXC at Synchronous 
mode and. Asynchronous '’x1’’ mode, and must be 


greater than 5 times at Asynchronous ‘’x16"’ and 


""x64’’ mode. 


WR (input terminal) } 

This is the ’’active low’’ input terminal which 
receives a signal for writing transmit data and con- 
tro! words from the CPU into the MSM82C51A. 


RD (Input terminal) 
This is the ’’active low’’ input terminal which 
receives a signal for reading receive data and status 
' words from the MSM82C51A. 


C/D (Input terminal) 

This is an input terminal which receives a signal 
for selecting data or command words and status 
words when the MSM82C51A is accessed by the 
CPU. _ : 

If C/D = low, data will be accessed. 

If C/D = high, command word or status word 
will be accessed. 


CS (Input terminal) —_ 

This is the ‘active low’’ input terminal which 
selects the MSM82C51A at low level when the CPU 
accesses. 


Note The device won't be in ‘standby status’’; 
only setting CS = High. | 
Refer to ‘‘Explanation of Standby Status.’’ 
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TXD (Output terminal) 

This is an output terminal for transmitting data 
from which serial-converted data is sent out. 

The device is in ‘’mark status’’ (high level) after 
resetting or during a status when transmit is disabled. 

It is also possible to set the device in ‘break sta-._ 
tus’’ (low level) by a command. 


TXRDY (Output terminal) 

This is an output terminal which indicates that the 
MSM82C51A is ready to accept a transmitted data 
character. But the terminal is always at low level if CTS 

high or the device was set in ’’TX disable status’’ 
by a command. 

Note TXRDY status word indicates that trans- 
mit data character is receivable, regardless 
of CTS or command. 

If the CPU writes a data character, TXRDY will be 
reset by the leading edge or WR signal. 


TXEMPTY (Output terminal) 

This is an output terminal which indicates that the 
MSM82C51A has transmitted all the characters and 
had no data character. 

In ‘’synchronous mode,”’ the terminal is at high 


level, if transmit data characters are no longer remain- 


ing and sync characters are automatically transmitted. 
If the CPU writes a data character, TXEMPTY will 
be reset by the leading edge of WR signal. 
Note As the transmitter is disabled by setting 
CTS "’High’’ or command, data written be- 
fore disable will be sent out. Then TXD and 
TXEMPTY will be ‘’High’’. 
Even if a data is written after disable, that 
data is not sent out and TXE will be 
‘‘High’’. After the transmitter is enabled, 
it sent out. | 
(Refer to Timing Chart of Transmitter Con- 
trol and Flag Timing) 


TXC (Input terminal) ' 

This is a clock input signal which determines the 
transfer speed of transmitted data. 

In ‘synchronous mode,’ the baud rate will be the 
same as the frequency of TXC. 

‘In ‘’"asynchronous mode’”’, it is possible to select 

the baud rate factor by mode instruction. 

It can be 1, 1/16 or 1/64 the TXC. 

The falling edge of TXC sifts the serial data out 
of the MSM82C51A. 





- RXD (Input terminal) 


This is a terminal which receives serial data. 


RXRDY (Output terminal) 

This is a-terminal which indicates that the 
MSM82C51A contains a character that is ready to 
READ. | 

If the CPU reads a data character, RXRDY will be 
reset by the leading edge of RD signal. 

Unless the CPU reads a data character before the 
next one is received completely, the preceding data will 
be lost. In such a case, an overrun error flag status word 
will be set. 





RXC (Input terminal) . 

This is a clock input signal which determines the 
transfer speed of received data. 

In ‘’synchronous mode,”’ the baud rate is the same 
as the frequency of RXC. 

In ‘‘asynchronous mode,’’ it is possible to select 
the baud rate factor by mode instruction. 

It can be 1, 1/16, 1/64 the RXC. 


SYNDET/BD (Input or output terminal) 





This is a terminal whose function changes accord- — 


ing to mode. 

In “’internal synchronous mode,’’ this terminal is 
at high level, if sync characters are received and syn- 
chronized. If a status word is read, the terminal will be 
reset. 

In ‘’external synchronous mode,”’ this is an input 
terminal. : 

A "'High’’ on this input forces the MSM82C51A 
to start receiving data characters. 

In ‘’asynchronous mode,” this is an output termi- 
nal which generates ‘’high level’’ output upon the de- 
tection of a ’’break’’ character if receiver data contains 
a ‘‘low-level’’ space between the stop bits of two con- 
tinuous characters. The terminal will be reset, if RXD 
is at high level. 


a 1/O°-MSM82C51ARS/GS sg 


DSR (Input terminal) 

This is an input port for MODEM interface. The in- 
put status of the terminal can be recognized by the CPU 
reading status words. 


DTR (Output terminal) 


This is an output port for MODENM interface. It is 
possible to set the status of DTR by a command. 





CTS (Input terminal) 

This is an input terminal for MODEM interface 
which is used for controlling a transmit circuit. The ter- 
minal controls data transmission if the device is set in 
‘"TX Enable’’ status by a command. Data is transmita- 
ble if the terminal is at low level. 


RTS (Output terminal) 
This is an output port for MODEM interface. It is 
possible to set the status of RTS by a command. 


257 





= 1/O-MSM82C51ARS/GS = 


ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol ' Unit Conditions 
. MSM82C51ARS | MSM82C51AGS |, ee 


VIN 5~V 













Output voltage VouT -0.5 ~ Vcc + 0.5 Pov | 
[Storage temperature [Tag | StS 
[Pomrdinpeion [ro | aso? 












Top 


#0=88 






RECOMMENDED OPERATING CONDITIONS 


= 





DC CHARACTERISTICS 
(Vcc = 4.5 ~ 5.5V Ta =—40°C ~ +85°C) 


[Parameter [Svmbot | Wins | Wve. 
=F euput voter | vou | __ 


Operating supply current 
Standby supply current 
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ww | 0SVin See 


Asynchronous X64 during 
transmitting/receiving 
A All input voltage shall be 
- fixed at Vcc or GND level. 


Measurement Conditions 
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AC CHARACTERISTICS 
(Vcc = 4.5 ~ 5.5V, Ta =—40 ~ 85°C) 
CPU Bus Interface Part 


Parameter. 






Symbol 


t 


Note 2 








Address hold time for WR 


NO 
193) 
oO 


NO 
oO 


taR 
tRA 
tRR 

tRD 
tDF 

tAwW 
tWwA 


WR pulse width tww 
Data set-up time for WR tow 
Recovery time between WR 


RESET pulse width 


N 
oO 





+ = 
< 


Q 

< 
2 
ie} 
+ 
@ 
S 








Ty | | 





Serial interface Part 


Main clock period tey 
Clock low time o> 


Clock high time 






Unit 





- 










Clock rise/fall time 


Transmitter clock frequency ftx 
‘TX 


1X Baud tTPW 
Transmitter clock high time tTPD 


Receiver clock frequency 1X ‘Baud frx 
16X Baud frx 
64X Baud frx 


Receiver clock low time 1X Baud tRPW 
16X, 64X Baud 


Receiver clock high time 1X Baud 
16X, 64X Baud 


Time from the center of last bit to the rise . 

of TXRDY TXRDY 

Time from the leading edge of WR to the fall ‘ 

of TXRDY TXRDY CLEAR 
’ Time from the center of last bit to the rise 

of RXRDY 





= 
N 
(wv) 





O 
QO 
~” 









O 
©) 


Q 


x 


aia}a{a Ala loigt ~ 
< < < < 


H 


N 






Transmitter clock low time 





a 


Q 
< 





O 
‘?) 







Oo 
i?) 


Q Q 


iy) 





Q 


+ 
Q 
< 






tRXRDY Tey 


Oo 
2) 
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Time from the leading edge of RD to the fall ‘ 
- of RXRDY . RXRDY CLEAR 
Internal SYNDET delay time from rising edge ' r 
of RXC | IS cy 
TXE delay time from the center of last bit tTXEMPTY | 20 | | Toy co 4 
MODEM control signal delay time from rising : T 
edge of WR we cy oe | 
MODEM control signal setup time for falling , + 
edge of RD CR cy 
RXD setup time for rising edge of RXC ‘ T | 
(1X Baud) RXDS cy \ 
RXD hold time for falling edge of RXC ; a a 
(1X Baud) RXDH by 


Caution 1) AC characteristics are measured at 150 pF capacity load as an output load based orf 0.8 V at low 

level and 2.2 V at high level for output and 1.5 V for input. 

2) Addresses are CS and C/D. 

3) frx orfrx S$ 1/(30 Tcy) 1x baud 
frx or fax < 1/(5 Tey) 16 x, 64 x Baud 

4) This recovery time is mode initialization only. Recovery time between command writes for 
Asynchronous Mode is 8 tcy and for Synchronous Mode is 18 tcy. 
Write Data is allowed ohly when TXRDY = 1. 

5) This recovery time is Status read only. 
Read Data is allowed only when RXRDY = 1. 

6) Status update can have a maximum delay of 28 clock periods from event affecting the status. 


TIMING CHART 


System Clock Input 





Transmitter Clock and Data 


TxC (1xMODE) 


Txe (16xMODE) 


—+| i aa —| per . 
TxD 


e 
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Receiver Clock and Data 


(RxBAUD COUNTER STARTS HERE) 


START BIT DATA BIT DATA'BIT 
tRPW 


8 RxC PERIODS RxC PERIODS (16xMODE 
AONE, 16 RxC PERIODS (16xMODE) 


RxC (1xMODE) 


AxC (16xMODE) 


INT SAMPLING PULSE 





Write Data Cycle (CPU — USART) 


tTxRDY CLEAR 
tww 


twD 


tow 
saat DON'T CARE i SAR eTABLE oh DON’T CARE 
es . twa 
C/D 





Read Data Cycle (CPU < USART) 


tRxRDY CLEAR 
tRR 


tRD <«-tDF 


DATA FLOAT \ 
eas O ff DATAOUT ACTIVE } DATA FLOAT 
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Write Control or Output Port Cycle (CPU — USART) 


tpw wes) 


DON’T CAR DON’T CARE 
9 E xd DATASTABLE Jf 


tAW tWA 





Read Control! or Input Port (CPU — USART) 


tRD tDF 


DAT AT | DATA FLOAT 
sear aTAti { pataouTactive } 


tRA 


tTxEMPTY 


TxRDY 
(STATUS BIT) 
TxRDY 
(PIN) 

Wr DATA 1. Wr DATA 2 3 Wr DATA 4 


Wr DATA 
a ae se Ga ad a 


Wr TxEn 


X NOOOCOK? * 


HAR 2 DATA CHAR 3 
DATA CHAR 1 DATA C DATA CHAR 4 


START BIT 
STOP BIT 


(Note) The wave-form chart is based on the case of 7 bit data length + parity bit + 2 stop bit. 
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Receiver Control and Flag Timing (ASYNC Mode) 


BREAK DETECT 


FRAMING ERROR 
(STATUS BIT) 


OVERRUN ERROR 
(STATUS BIT) =] taxRby 


RxRDY é 
L  s—i i p= 


LYYYYYYY” ae : aes Ty” 


DATA DATA DATA 
CHAR 1 CHAR 2 CHAR 3 


Lig VLVO 
Lid LYVILS 
LI dOLS 
LIQ ALIWVd 


(Note) The wave-form chart is based on the case of 7 data bit length + parity bit + 2 stop bit. 





RxEn Err Res 
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Transmitter Control and Flag Timing (SYNC Mode) 


TxEMPTY 


TxRDY 


ne E Hii 


Wr DATA Wr DATA | Wr DATA Wr COMMAND Wr DATA 
CHAR 1 CHAR 2 CHAR 4 SBRK CHAR 5 


ie 2S aes, on ee 
as 


MARKING STATE CLS NG | , “ts: Cran Sileumes, (ete 


anococecncooees 


PAR PAR 


(Note) The wave-form chart is based on the case of 5 data bit length + parity bit and 2 synchronous characters. 
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Receiver Control and Flag Timing (SYNC Mode) 


SYNDET | 
(PIN) (Note 1) 


SYNDET (SB) 


OVERRUN 
ERROR (SB) 


RxRDY (PIN) 


Wein =e gt el Ll 
RxEn Rd DATA Rd DATA 
CHAR 1 CHAR 3 


S = 


SYNC SYNC DATA DATA DATA 
CHAR 1 CHAR 2 CHAR 1 } CHAR 2 = ] CHAR 3 


VIGIAVOVCOOOCDOOCOOODCCOCHCOOOCOODGOOeONEO 


PAR PAR ~ PAR PAR PAR 
RAR ASSY BEGINS 


JUUUU 


$ EXIT HUNT MODE 
SET SYNCDET 





(Note 2) g-q 


DATA DATA 
CHAR1 | CHAR2 | ETC 
WCOcclecoceceeeeee 


PAR Pp PAR 
| CHAR ASSY 
BEGINS 


EXIT HUNT MODE SET SYNDET (STATUS BIT) 
SET SYNDET (STATUS BIT) 





(Note 1) Internal synchronization is based on the case of 5 data bit length + parity bit and 2 synchronous characters. 


(Note 2) External synchronization is based on the case of 5 data bit length + parity bit. 
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OK I semiconductor 
MSM82C51A-2RS/GSUS 


UNIVERSAL SYNCHRONOUS ASYNCHRONOUS RECEIVER TRANSMITTER 











GENERAL DESCRIPTION 


The MSM82C51A is a USART (Universal Synchronous Asynchronous Receiver Transmitter) for serial data 
communication. : . . 

As a peripheral device of a microcomputer system, the MSM82C51A receives parallel data from the CPU 
and transmits serial data after conversion. This device also receives serial data from the outside and transmits 
parallel data to the CPU after conversion. 

The MSM82C51A configures a fully static circuit using silicon gate CMOS technology. Therefore, it oper- 
ates on extremely low power at 100 pA (max) of standby current by suspending all operations. 


FEATURES 

© Wide power supply voltage range from 3 Vto6V. =~ Error detection (parity, overrun and framing) 
@ Wide temperature range from -40°C to 85°C. e 28-pin DIP (MSM82C51A-2RS) 

e Synchronous communication upto 64K baud. @ 32-pin flat package (MSM82C51A-2GS) 

e Asynchronous communication upto 38.4K baud. @ 28-pin PLCC (MSM82C51A-2JS) 


e@ Transmitting/receiving operations under double buf- 
fered configuration. . 


FUNCTIONAL BLOCK DIAGRAM 


TRANSMIT: 
BUFFER 


(P—S) 


TRANSMIT 


CONTROL CONTROL 


LOGIC 


RECEIVE 
BUFFER 


(S—P) 


MODEM 
CONTROL 


WwW 
< 
5 
n 
= 
m 
4 
<x 
2 
oa 
Ww 
- 
= 


RxRDY 


RECEIVE 
CONTROL RxC 


—e SYNDET/BD 
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PIN CONFIGURATION 


25 [] RXC 
24[] DTR 
1) RTS 
22[] DSR 
21{] RESET 





co 





TXEMPTY {J 


MSM82C51A-2RS (Top View) MSM82C51A-2GS (Top View) MSM82C51A-2JS (Top View) 
28 Lead Plastic DIP 32 Lead Plastic Flat Package 28 Plastic Leaded 
Chip Carrier 
FUNCTION by setting a necessary command, reading a status and 





reading/writing data. 


Outline 
The MSM82C51A’s functional configuration is 
xternal reset 
programed by software. 
Operation between the MSM82C51A and a CPU 
is executed by program control. Table 1 shows the oper- 


ation between a CPU and the device. 


instruction 
Table 1 Operation between MSM82C51A and CPU 


fes|colmoi|wa{ 
r+ fx [x | x | Omen ame 
EZeaeEere Data bus 3-state <a 
pO ft fo ft | stouscpu 
po [a [1] 0 | contro word CPU a 
roo [o | 1 | we-cru 
fo | o | | Oo | Data <-CPU 


; : ae | end of mode 
It is necessary to execute a function-setting se- setting 


quence after resetting the MSM82C51A. Fig. 1 shows 
the function-setting sequence. 

If the function was set, the device is ready to Fig. 1 Function-Setting Sequence 
receive a command, thus enabling the transfer of data. (Mode Instruction Sequence) 





Write first sync 
character 








267 


= 1/O-MSM82C51A-2RS/GS/JS 


‘Control Words 


1. 
2. 


1) 


There are two types of control word. 
Mode instruction (setting of function) 
Command (setting of operation) 


Mode Instruction 


Mode instruction is used for setting the func- 
tion of the MSM82C51A. Mode instruction will be 
in ‘wait for write’’ at either internal reset or ex- 
ternal reset. That is, the writing of a control word 
after resetting will be recognized as a '’mode in- 
struction.”’ 

items set by mode instruction are as follows: 


e@ Synchronous/asynchronous mode 





® Stop bit length (asynchronous mode) 

e Character length 

e Parity bit 

e Baud rate factor (asynchronous mode) 

@ Internal/external synchronization (synchronous 
mode) | 


@e No. of synchronous characters (synchronous 


mode) ; 
' The bit configuration of mode instruction 
is shown in Fig.’s 2 and 3. In.the case of synchro- 
nous mode, it is necessary to write one- or two- 
byte sync characters. 

If sync characters were written, a function 
will be set because the writing of sync characters 
constitutes part of mode instruction. 


D7 De Ds Da Ds DD. Dy Do 
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Baud rate factor 


Refer to 
Fig. 3 


, Odd , Even 


Stop bit length 


nti | tae Justia | 20 


Fig. 2 Bit Configuration of Mode Instruction (Asynchrnous) 





2) 


D4 


D7 Dg Ds D3 D2 Dy Do 
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Character length 


: Odd . Even 


Synchronous Mode 


Internal | External 
synchro-} synchro- 
nization | nization 


No. of synchronous sharacters 


2 char- 1 char- 
acters acter 


Fig. 3 Bit Configuration of Mode Instruction (Synchronous) 


Command 


Command is used for setting the operation 
of the MSM82C51A. 


It is possible to write a command whenever 


necessary after writing a mode instruction and 
sync characters. 


Items to be set by command are as follows: 
® Transmit Enable/Disable 


@ Receive Enable/Disable 
e DTR, RTS Output of data. 
@ Resetting of error flag. 

@ Sending of break characters 

@ internal resetting 

@ Hunt mode (synchronous mode) 


The bit configuration of a command is shown 
in Fig. 4. 
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Dy De Ds Da D3 Dy D, Do 


1 


1.... Transmit Enable 
0....Disable 


DTR 
1>DTR=0 
O0->DTR=1 


....Receive Enable 
...Disable 


..9end break 
character. 
...Normal operation 


....Reset error 
flag. 
...Normal operation 


RTS 
17>RTS =0 
O RTS =1 


...Internal reset 
...Normal operation 


...Hunt mode 
(Note) — 
...Nomal operation 


(Note) Search mode for synchronous 
characters in synchronous mode. 





Fig. 4 Bit Configuration of Command 
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Status Word The bit configuration of status word is shown in 
It is possible to see the internal status of MSM- Fig. 5. 
82C51A by reading a status word. 


De D> D 


D7. Ds Da D3 1 Do 
SYNDET Tx Rx Tx 
/BD EMPTY}| RDY | RDY 


Partly different from 
TXRDY terminal. 
Refer to ‘‘Explana- 
tion of TXRDY 
Terminal. 

Same as terminal. 
Refer to ‘’Explana- 


tion of Terminals. 


1....Parity error 





1....Overrun error 


(Note) only asyn- 

1....Framing error chrnous mode. 
Stop bit cannot 
be detected. 


Shows terminal DSR. 
1...DSR =0 
0....0SR = 1 





Fig. 5 Bit Configuration of Status Word 
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Standby. Status 
It is possible to put the MSM82C51A in “‘stand- 
by status’’ 
. When the following conditions have been satis- 
fied the MSM82C51A is in ’’standby status.”’ 
(1) CS terminal is fixed at Vcc level. 
(2) Input pins other than CS, Do to D7, RD, 
WR and C/D are fixed at Vcc or GND level 
(including SYNDET in external syn- 
chronous mode). 
Note When all output currents are O, ICCS 
specification is applied. 


Pin Description 


Do to D7 (I/O terminal) 

This is bidirectional data bus which receive con- 
trol words and transmits data from the CPU and sends 
status words and received data to CPU. 


RESET (input terminal) 

A "'High”’ on this input forces the MSM82C51A 
into ‘‘reset status.’ 

The device waits for the writing of ‘‘mode in- 
struction.’’ 

The min. reset width is six clock inputs during 
the operating status of CLK. 


CLK (Input terminal) 

CLK signal is used to generate internal device 
timing. 

CLK signal is independent of RXC or TXC. 

However, the frequency of CLK must be great- 
er than 30 times the RXC and TXC at Synchronous 
mode and Asynchronous ‘’x1’’ mode, and must be 
greater than 5 times at Asynchronous ‘’x16’’ and 
"x64" mode. 


WR (Input terminal) 

This is the ‘‘active low’’ input terminal which 
receives a signal for writing transmit data and con- 
trol words from the CPU into the MSM82C51A. 


RD (Input terminal) 

This is the ‘‘active low’ input terminal which 
receives a signal for reading receive data and status 
words from the MSM82C51A. 


C/D (Input terminal) 

This is an input terminal which receives a signal 
for selecting data or command words and status 
words when the MSM82C51A is accessed by the 
CPU. 


If C/D = low, data will be accessed. 
lf C/D = high, command word or status word will 
be accessed. 





CS (Input terminal) 

This is the ’’active low’’ input terminal which 
selects the MSM82C51A at low level when the CPU 
accesses. 

Note The device won't be in ’’standby status’’; 

only setting CS = High. 
Refer to ‘Explanation of Standby Status.’’ 
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TXD (Output terminal) 

This is an output terminal for transmitting data 
from which serial-converted data is sent out. 

The device is in ‘’mark status’’ (high level) after 
resetting or during a status when transmit is disabled. 

It is also possible to set the device in ’’break sta- 
tus’’ (low level) by a command. 


TXRDY (Output terminal) 

This is an output terminal which indicates that the 
MSM82C51A is ready to accept a transmitted data 
character. But the terminal is always at low level if CTS 

= high or the device was set in ’’TX disable status’’ 
by a command. 

Note TXRDY status word indicates that transmit 

data character is receivable, regardless of 
CTS or command. 

IF the CPU writes a data character, TXRDY will 

be reset by the leading edge or WR signal. 


TXEMPTY (Output terminal) 

This is an output terminal which indicates that the 
MSM82C51A has transmitted all the characters and 
had no data character. 

In ‘’synchronous mode,’’ the terminal is at high 
level, if transmit data characters are no longer remain- 
ing and sync characters are automatically transmitted. 

If the CPU writes a data character, TXEMPTY will 
be reset by the leading edge of WR signal. es 

Note As the transmitter is disabled by setting CTS 

‘‘High’’ or command, data written before 
disable will be sent out. Then TXD and 
TXEMPTY will be ‘High’. 

Even if a data is written after disable, that 
data is not sent out and TXE will be ‘’High’’. 
After the transmitter is enabled, it sent out. 
(Refer to Timing Chart of Transmitter Con- 
trol and Flag Timing) 


TXC (Input terminal) 

This is a clock input signal which determines the 
transfer speed of transmitted data. 

In ’’synchronous mode,”’ the baud rate will be the 
same as the frequency of TXC. 

In ‘asynchronous mode”’, it is possible to select 
the baud rate factor by mode instruction. 

It can be 1, 1/16 or 1/64 the TXC. 

The falling edge of TXC sifts the serial data out 
of the MSM82C51A. 


RXD (Input terminal) 
This is a terminal which receives serial data. 


RXRDY (Output terminal) 

This is a terminal which indicates that the 
MSM82C51A contains a character that is ready to 
READ. 

If the CPU reads a data character, RXRDY will be 
reset by the leading edge of RD signal. 

Unless the CPU reads a data character before the 
next one is received completely, the preceding data will 
be lost. In such a case, an overrun error flag status word 
will be set. 











RXC (Input terminal) 

This is a clock input signal which determines the 
transfer speed of received data. 

In ‘’synchronous mode,’ the baud rate is the same 
as the frequency of RXC. 

In ’'asynchronous mode,’’ it is possible to select 
the baud rate factor by mode instruction. 

It can be 1, 1/16, 1/64 the RXC. 


SYNDET/BD (Input or output terminal) 

This is a terminal whose function changes accord- 
ing to mode. 

In ’’internal synchronous mode,” this terminal is 
at high level, if sync characters are received and syn- 
chronized. If a status word is read, the terminal will be 
reset. . 

In ‘'external synchronous mode,”’ this is an input 
terminal. 

A “High” on this input forces the MSM82C51A 
to start receiving data characters. . 

In ‘’asynchronous mode,” this is an output termi- 
nal which generates ‘’high level’’ output upon the de- 
tection of a ’’break’’ character if receiver data contains 
a ‘'low-level’’ space between the stop bits of two con- 
tinuous characters. The terminal will be reset, if RXD 
is at high level. 
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DSR (Input terminal) 

This is an input port for MODEM interface. The in- 
put status of the terminal can be recognized by the CPU 
reading status words. 


DTR (Output terminal) 
' This is an output port for MODEM interface. It is 
possible to set the status of DTR by a command. 


CTS (Input terminal) 

This is an input terminal for MODEM interface 
which is used for controlling a transmit circuit. The ter- 
minal controls data transmission if the device is set in 
"TX Enable’’ status by a command. Data is transmita- 
ble if the terminal is at low level. 


RTS (Output terminal) 
This is an output port for MODEM interface. It is 
possible to set the status of RTS by a command. 
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ABSOLUTE MAXIMUM RATINGS 


Parameter | Symbol Unit 
1 MSM82C51A-2RS | MSM82C51A-2GS | MSM82C51A-2JS 


Output voltage VOUT -0.5 ~ Vee + 0.5 | 











With respect 
to GND 







OPERATING RANGE 


Power supply voltage 


Operating temperature 












[ee ee ee ee 





RECOMMENDED OPERATING CONDITIONS 






“L” input voltage 
“H’’ input voltage 


DC CHARACTERISTICS 
(Vcc = 4.5 ~ 5.5V Ta = -40°C ~ +85°C) 


[Feramater_|Svmbot | win. | Tye Mex | Unit | Meosrement Conditions 
“ouput | vor ||| 04s |v | lor=a5ma 
[wr ouputvere | Von | 37 |_| 

Ta | 0S vinSVee 


Asynchronous X64 during 
transmitting/receiving | 
A All input voltage shall be 
. fixed at Vcc or GND level. 
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AC CHARACTERISTICS 
(Vcc = 4.5 ~ 5.5V, Ta = -40 ~ 85°C) 
CPU Bus Interface Part 


[tex [un | Remarie 
alae 
pa 
Noes 










Symbol 


el 
7 
wa 
WR pulse width tww | 100 
<a 
=z 


Recovery time between WR | tRVW 
RESET pulse width tRESW 


Serial Interface Part 


__ Symbol 
Ciock low time 
‘Clock rise/fall time tr, te 
Transmitter clock frequency fTx 
fTX 


Transmitter clock low time | 1X Baud tTPW 
Transmitter clock high time tTPD 


Receiver clock frequency 1X Baud frx 


16X Baud fax 
Receiver clock low time 


64X Baud frx 
Receiver clock high time 


= 
D 
< 
DD 
















Unit 





t 
a 
io) 


0 | te 





SN 


O 
?) 


” 








O 
one) 


< 






is) 


O;9 
a ;oO 





Oo 
i?) 


<< 


1X Baud 
16X, 64X Baud 
1X Baud 


16X, 64X Baud 


Time from the center of last bit to the rise 

of TXRDY tTXRDY 
Time from the leading edge of WR to the fall : 

of TXRDY TXRDY CLEAR 
Time from the center of last bit to the rise 

of RXRDY . 


Qa 





‘ 







q 
< 


GE 
< 


a 
< 


tRXRDY 


q 
< 
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Time from the leading edge of RD to the fall A 
of RXRDY : RXRDY CLEAR 


Internal SYNDET delay time from rising edge | 

of RXC . 

SYNDET setup time for AKG ad 
| TXE delay time from the center of last bit tTXEMPTY 


ts | 8 | 
MODEM control signal delay time from rising , 
edge of WR we 
oe 














MODEM control signal setup time for falling 
edge of RD 


RXD setup time for rising edge of RXC 
(1X Baud) 7 


RXD hold time for falling edge of RXC 
(1X Baud) a 





Tey 
Tey 
Toy 
Tey 
Tey 
Tey 

cy 


T 








Caution 1) AC characteristics are measured at 150 pF capacity load as an output load based on 0.8 V at low 

level and 2.2 V at high level for output and 1.5 V for input. 

2) Addresses are CS and C/D. 

3) frx or frx S 1/(30 Tcy) 1 x baud 
fry or fax < 1/(5 Tey) 16 x, 64 x Baud 

4) This recovery time is mode Initialization only. Recovery time between command writes for 
Asynchronous Mode is 8 tcy and for Synchronous Mode is 18 tcy. 
Write Data is allowed only when TXRDY = 1. 

5) This recovery time is Status read only. 
Read Data is allowed only when. RXRDY = 1. 

6) Status update can have a maximum delay of 28 clock periods from event affecting the status. 


TIMING CHART 


System Clock Input 





Transmitter Clock and Data 





TxC (1xMODE) 


Tx€ (16xMODE) 
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Receiver Clock and Data 


(RxBAUD COUNTER STARTS HERE) 


START BIT DATA BIT DATA BIT 
tRPD 
tRPW 


8 RxC PERIODS 
(16xMODE) 16 RxC PERIODS (16xMODE} 


RxC (1xMODE) 


RxC (16xMODE) 


INT SAMPLING PULSE 





Write Data Cycle (CPU — USART) 


1tTxRDY CLEAR 
tww 
twD 
tp 


DATA IN DON’T CARE DON’T CARE 


Ww 
(D. B.) 4 DATA STABLE ) 


tAW tWA 


é 





Read Data Cycle (CPU < USART) 


tRxRDY CLEAR 
tRR 


tRD +tDF 


TA OUT DATA FLOAT : 
peal rae ( DATAOUT ACTIVE pS FLOAT 


tRA 
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Write Control or Output Port Cycle (CPU — USART) 


| in 2 | 
DON’T CARE DON'T CARE 
pAb) = {  DATASTABLE J 
raw] Pa 


taw tWA 





Read Control or Input Port (CPU <— USART) 


tRD tDF 


” , DATA FLOAT 
alla | Plas Sela . DATAOUTACTIVE } 


tRA 


& 


(STATUS BIT) : : 
TxRDY yy % y 
(PIN) 4 = 
Wr DATA 1 Wr DATA 2 Wr DATA 3 Wr DATA 4 
\___| }__\ 7 ee fo fo. | 
Wr TxEn 
C, C, eo © : 

& By = y » 
b0000ee? LKKXA) 


R2 DATA CHAR 3 Oe NMTMO 
ere es DATA CHAR 4 


ITxEMPTY 


START BIT 
STOP BIT 


(Note) The wave-form chart is based on the case of 7 bit data length + parity bit + 2 stop bit. 
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Receiver Control and Flag Timing (ASYNC Mode) 


BREAK DETECT 
FRAMING ERROR 
(STATUS BIT) 


OVERRUN ERROR 
(STATUS BIT) 


RxRDY 
c/D 


R 


RO 


—>|#—traxRDY 


oe 
i 


Wr RxEn 


SY 


DATA 
CHAR 2 
LOST | 


Rd DATA = 
>) Ga 
Wr ERROR ha 


LYYYYXYY" -_ : noes a : 


DATA 
CHAR 1 


(Note) The wave-form chart is based on the case of 7 data bit length + parity bit + 2 stop bit. 


DATA 
CHAR 2 


DATA 
CHAR 3 


Lid VLVG 
LIP LYVILS 
118 dOLS 





LI@ ALIWVd 


Rx€n Err Res 
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Transmitter Control and Flag Timing (SYNC Mode) 


TxEMPTY 


a 
| 


TxRDY 
(STATUS BIT) 


Wr DATA A. DATA a i" a me oe Wr somMene \. | 
CHAR1 CHAR 2 CHAR pwn CHAR 4 SBRK CHAR 5 
DATA 5 r 


MARKING STATE eee rt | cians CuAR ETC 


TWEE IDAROMOADGOARAD ODIO TOOGONT | XX XOX NAIK 


AR PAR PAR PAR PAR PAR 





(Note) The wave-form chart is based on the case of 5 data bit length + parity bit and 2 synchronous characters. 
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Receiver Control and Flag Timing (SY NC Mode) 


SYNDET : 9 (Note 2) e=@ | 
(PIN) (Note 1) ; 


SYNDET (SB) 


OVERRUN 
ERROR (SB) 


RxRDY (PIN) 


Nat ee 
Rd DATA 
CHAR 1 


‘SYNC SYNC | -:D DATA DATA 
CHAR 1 


CHAR 1 CHAR2 | | CHAR2 | Ee 
XX XAIAY 20250000006 


PAR PAR PA PAR 


, ces ASSY BEGINS | steams 


4 EXIT HUNT MODE 
SET SYNCDET 
EXIT HUNT MODE SET SYNDET (STATUS BIT) 
SET SYNDET (STATUS BIT) 


(Note 1) Internal synchronization is based on the case of 5 data bit length + parity bit and 2 synchronous characters. 





(Note 2) External synchronization is based on the case of 5 data bit length + parity bit. 
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MSM82C53-5RS/GS/JS" 
MSM82C53-2RS/GS/JS 


CMOS PROGRAMMABLE INTERVAL TIMER 


GENERAL DESCRIPTION 


The MSM82C53-5RS/GS/JS and MSM82C53-2RS/GS/JS are programmable universal timers designed for 
use in microcomputer systems. Based on silicon gate CMOS technology, it requires a standby current of only 
100 pA (max.) when the chip is in the nonselected state. During timer operation, power consumption is still very 
low with only 5 mA (max.) at 5 MHz of current required. . 

The devices consist of three independent counters, and can count up to a maximum of 5 MHz (MSM82C53-5) 
and 8 MHz (MSM82C53-2). The timer features six different counter modes, and binary count/BCD count func- 
tions. Count values can be set in byte or word units, and all functions are freely programmable. 








FEATURES 

@ Maximum operating frequency of 5 MHz e Six counter modes available for each counter . 
(MSM82C53-5) @ Binary and decimal counting possible 

@ Maximum operating frequency of 8 MHz (MSM82C53-2) — 24-pin DIP (MSM82C53-5RS/MSM82C53-2RS) 

@ High speed and low power consumption achieved e@ 32-pin flat package (MSM82C53-5GS/MSM82C53-2GS) 
through silicon gate CMOS technology. @ 28-pin PLCC Package (MSM82C53-5JS/MSM82C53-2JS) 


e Completely static operation 
@ Three independent 16-bit down-counters 
@ 3V to BV single power supply 


FUNCTIONAL BLOCK DIAGRAM 





COUNTER COUNTER COUNTER 
#0 #1 ; #2 ’ 
a eae | 


I 


DATA - READ/ | CONTROL 
WORD 


BUS WRITE 
BUFFER 7 REGISTER 


INTERNAL BUS 
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PIN CONFIGURATION 


MSM82C53-5RS (Top View) 
MSM82C53-2RS 
24 LEAD PLASTIC DIP 


MSM82C53-5GS (Top View) 
MSM82C53-2GS 
32 LEAD PLASTIC FLAT PACKAGE 





(NC denotes ‘‘not connected’’) 


= le 
MSM82C53-5JS (Top View) 


MSM82C53-2JS 
28 Plastic Leaded Chip Carrier 


191} GATE2 
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ABSOLUTE MAXIMUM RATINGS 


Limits 


Conditions 


MSM82C53-5RS | MSM82C53-5GS MSM82C53-5J5 
MSM82C53-2RS:_ | MSM82C53-2GS | MSM82C53- 2JS 


Ssupply Voltage -0.5 to +7 
Respect to GND -—0.5 to Veg + 0.5 
—0.5 to Veg + 0.5 


—55 to +150 





OPERATING RANGES 


Supply Voltage 3to6 pain team 0.2V, Vin = Vcc - 0.2V, 
aan frequency 2.6 MHz 
Operating Temperature eo ee —40 to +85 





RECOMMENDED OPERATING CONDITIONS 


a 
[“suppiy voltae Sid? Seg | as dT 
[operating Tompwatue—~| top | 0 | vas | vas «|e 
T—strinpwvonege Sid P| iY 
[a tnputvorone inf 22 | id eo | 







DC CHARACTERISTICS 


|__._Paremerer | Symbo 
“L’’ Output Voltage ae lol = 4mA 


| =~ImA 


Input Leak Current O0<ViIn <Vec ~Vec=4.5V to 5.5V 


Output Leak Current O<VouT <Vcc | Ta=—40°C to +85°C 


CS 2 Vcc -0.2V 
Standby Supply Current ICCS _ Vin = Vcc -0.2V 
Vit <0.2V 


P t = 200 ns C, = opF 
Operating Supply Current Icc 
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AC CHARACTERISTICS 
(Voc = 4.5V ~ 5.5V, Ta = -40 ~ +85°C) 






MSM82C53-5 


Parameter Symbol! 


MSM82C53-2 
Unit Conditions 


Address Set-up Time before reading TAR 30 Fons | C. = 150pF 
Address Hold Time after reading TRA Joins Read 
Read Pulse Width 3 TRR pons cycle 
Read Recovery Time TRVR 200 00 Fons | 
Address Set-up Time before writing TAW pons | 
Address Hold Time after writing 20 pons | 

Write Pulse Width | ons | Write 
Data Input Set-up Time before writing | TDW 100 Fons | cycle 
Data Input Hold Time after writing TWD . 20 Fons | 

Write Recovery time 200 00 Fons | 

Clock Cycle Time TcLK | 200 | D.c. | 125 | Dc. | ns | 

Clock “H” Pulse Width | ons | 

Clock ’L” Pulse Width TPWL | ons | Clock 
“HW” Gate Pulse Width pons we 
“L"” Gate Pulse Width TGL fons | timing 
Gate Input Set-up Time before clock TGS Lene | 

Gate Input Hold Time after clock TGH Sons 

Output Delay Time after reading TRD 120 120 Fons | 

oe Floating Delay Time after TDE ps | 

Output Delay Time after gate TODG 120 120 Hons | ; 
Output Delay Time after clock TOD | ons | 


Note: Timing measured at V; = 0.8V and Vy = 2.2V for both inputs and outputs. 


Ww 
o) 










N 


=| > 


Ww Ww 


4 
DD 
< 
= 
N 








4 
vU 
<= 


= 
G) 
= 
OV 








TIME CHART 


Write Timing 
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Read Timing 


HIGH IMPEDANCE | HIGH IMPEDANCE 





Clock & Gate Timing 
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DESCRIPTION OF PIN FUNCTIONS 


D7 ~ DO Bidirectional input/output Three-state 8-bit bidirectional data bus used when writing 
| data bus pee control words and count values, and reading count values 
cs Chip select Data transfer with the CPU is enabled when this pin is at low 
input level. When at high level, the data bus (Do thru D4) is 
switched to high impedance state where neither writing nor 
reading can be executed. Internal registers, however, remain 
unchanged. 






















upon reception of WR and RD signals from CPU. 
Read input Input Data can be transferred from MSM82C53 to CPU when 
this pin is at low level. 
Write input Input Data can be transferred from CPU to MSM82C53 when 
_| this pin is at low level. 

AO, Al Address input Input One of the three internal counters or the control word regis- 
ter is selected by AO/A1 combination. These two pins are 
normally connected to the two lower order bits of the 
address bus. 

CLKO~2 Clock input Input Supply of three clock signals to the three counters incorpo- 
rated in MSM82C53. 

GATEO~2 Gate input Input Control of starting, interruption, and restarting of counting 
in the three respective counters in accordance to the set con- 
trol word contents. | 

OUTO~2 Counter output Output Output of counter output waveform in accordance with the 
set mode and count value. 


SYSTEM INTERFACING 

























ADDRESS BUS a 


16 bits 


CONTROL BUS 


DATA BUS 


| He | ~ 
py} 
D RD . 


@ ( ) 
A1 AO cs 7~0 WR 


 82C53-5/82C53-2 
COUNTER #0 COUNTER #1. COUNTER #2 


TT 
OUT GATE CLK OUTGATECLK OUT GATE CLK 
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DESCRIPTION OF BASIC OPERATIONS 


Data transfers between the internal registers and the external data bus is outlined in the following table. 


Tes [mo [wala [ao] Funeton 
po | + fo | o | o | detabusto counter #oWriting 
OE at 3) 20k OL a 


Data bus to counter # 1 Writing 


LO | a Data bus to counter #2 Writing 
Data bus to control word register Writing | 


Data bus from counter #0 Reading 
fC Data bus from counter # 1 Reading 


Data bus from counter # 2 Reading 
















Data bus in high impedance status 


ce hee ee ee 
ee oe ee eo eo 
ON 0 A 
EERE ENED 
ae ae er ee 
pa of «x | « | «| x | 
Ra ERR ERES 


x denotes ‘’not specified’. 


e Mode (M2, M1, MO): Operation waveform mode 


DESCRIPTION OF OPERATION 


setting 


[wapmi[wo[ ‘Set Contents 
[0 | 0 | 0 | Modeo (Interrupt on Terminal Count) 





82C53 functions are selected by a control word 
from the CPU. In the required program sequence, the 
control word setting is followed by the count value © 
setting and execution of the desired timer operation. 









[0 | 1 | Mode 1 (Programmable One-Shot) 
[1 [0 [Mode 2 (Rate Generator) 
[1 | 1 | Mode 3 (Square Wave Generator) | 
oda] 






Control Word and Count Value Program 

Each counter operation mode is set by control 
word programming. The control word format is out- 
lined below. 


Mode 4 (Software Triggered Strobe) 
Mode 5 (Hardware Triggered Strobe) 

















D7 D6 DS D4 D3 D2 D1 DO 
a 
Select Read/Load Mode BCD ; 
Counter | e BCD: Operation count mode setting 






(CS=0, AO,A1=1,1, RD=1, WR=0) 






Binary Count (16-bits Binary) 


BCD Count (4-decades Binary Coded 
Decimal) 


After setting Read/Load, Mode, and BCD in each 
counter as. outlined above, next set the desired count 
value. (In some Modes, counting is started immediately 
after the count value has been written). This count 
value setting must conform with the Read/Load format 
set in advance. Note that the internal counters are 
reset to OOOOH during control word setting. The 
counter value (OOOOH) can.t be read. 


@ Select Counter (SCO, SC1): Selection of set counter 


[0 | coun #onnction 
1 | counter #1 ection 
0 | counter #2setction 
1 [eget combination 


@ Read/Load (RL1, RLO): 
Loading format setting 


Counter Latch operation 





Count value Reading/ 










: : —— If the two bytes (LSB and MSB) are written at this 

po fa Reading/Loading of Least Significant stage (RLO and RL1 = 1,1), take note of the following 
byte (LSB) | precaution. 

Reading/Loading of Most Significant Although the count values may be set in the three 

byte (MSB) counters in any sequence after the control word has 

Reading/Loading of LSB followed by been set in each counter, count values must be set 

MSB consecutively in the LSB — MSB order in any one 


counter. 
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@ Example of control word and count value setting 


Counter #0: Read/Load LSB only, Mode 3, 
Binary count, count value 3H 

Counter #1: Read/Load MSB only, Mode 5, 
Binary count, count value AAOOH 

Counter #2: Read/Load LSB and MSB, Mode 0, 
BCD count, count value 1234 


MVI A, 1EH ‘ 
OUT n3 Counter #0 control word setting 
MVIA, ail or 
OUT n3 | Counter #1 control word setting 
MVI A, B1 i : 
OUT n3 Counter #2 control word setting 
MVI A, 03H | ee 
OUT no Counter #0 count value setting 
we ees Counter #1 count value setti 
OUT n1 | nena ee a 
MVI A, 34H 
OUT n2 Counter #2 count value setting 
MVIA,12H | (LSB then MSB) 
OUT n2 

Note: nO: Counter #0 address 


ni: Counter #1 address 
n2: Counter #2 address 
n3: Control word register address 


@ The minimum and maximum count values which can 
be counted in each mode are listed below. 











O executes 10000H count 
(ditto in other modes) 


[2 [0 | teannotbe counted 
Ex Em 1 executes 10001H count 









Mode Definition 

© Mode 0 (terminal count) 
The counter output is set to ’L’’ level by the mode 
setting. If the count value is then written in the 
counter with the gate input at “H’’ level (that is, 
upon completion of writing the MSB when there are 
two bytes), the clock input counting is started. 
When the terminal count is reached, the output its 
switched to “H'’ level and is maintained in this 
status until the control word and count value are set 
again. 
Counting is interrupted if the gate input is switched 
to “L’’ level, and restarted when switched back to 
“HH” level. 
When Count Values are written during counting, 
the operation is as follows: 


1 byte Read/Load.... When the mew count 
value is written, counting is stopped 
immediately, and then restarted at 
the new count value by the next 
clock. 

2-byte Read/Load.... When byte 1 (LSB) of 
the new count value is written, 
counting is stopped immediately. 
Counting is restarted at the new 
count value when byte 2 (MSB) is 
written. 


@ Mode 1 (programmable one-shot) 

The counter output is switched to ““H” level by the 
mode setting. Note that in this mode, counting is 
not started if only the count value is written. Since 
counting has to be started in this mode by using 
the leading edge of the gate input as a trigger, the 
counter output is switched to “L” level by the next 
clock after the gate input trigger. This “’L’’ level 
status is maintained during the set count value, and 
is switched back to “H” level when the terminal 
count is reached. 

Once counting has been started, there is no inter- 
ruption until the terminal count is reached, even if 
the gate input is switched to “L”’ level in the mean- 
time. And although counting continues even if a 
new count value is written during the counting, 
counting is started at the new count value if another 
trigger is applied by the gate input. 


@ Mode 2 (rate generator) 

The counter output is switched to ‘‘H’”’ level by the 
mode setting. When the gate input is at “H’’ level, 
counting is started by the next clock after the count 
value has been written. And if the gate input is at 
“"L’’ level, counting is started by using the rising 
edge of the gate input as a trigger after the count 
value has been set. 

‘An “L"” level output pulse appears at the counter 
output during a single clock duration once every 
n clock inputs where n is the set count value. If a 
new count value is written during while counting 
is in progress, counting is started at the new count 
value following output of the pulse currently being 
counted. And if the gate input is switched to “L” 
level during counting, the counter output is forced 
to switch to “H” level, the counting being restarted 
by the rising edge of the gate input. 


© Mode 3 (square waveform rate generator) 

The counter output is switched to “‘H"’ level by the 
mode setting. Counting is started in the same way as 
described for mode 2 above. 

The repeated square wave output appearing at the 
counter output contains half the number of counts 
as the set count value. If the set count value (n) is 
an odd number, the repeated square wave output 
consists of only (n+ 1)/2 clock inputs at ‘‘H’’ level 
and (n — 1)/2 clock inputs at ““L” level. 

If a new count value is written during counting, the 
new count value is reflected immediately after the 
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change (""H’ to “L” or “LL” to “H") in the next 
counter output to be executed. The counting opera- 
tion at the gate input is done the same as in mode 2. 


Mode 4 (software trigger strobe) 
The counter output is switched to “"H” level by the 


‘mode setting. Counting is started in the same way 


as described for mode 0. A single ’’L”’ pulse equiva- 
lent to one clock width is generated at the counter 
output when the terminal count is reached. 

This mode differs from 2 in that the ‘’L” level out- 
put appears one clock earlier in mode 2, and that 
pulses are not repeated in mode 4. Counting is 









Counting not possible 


(1) Counting not possible 





““L’* Level Falling Edge Rising Edge 


Counting not possible Lt Counting possible 


(1) | 
f t 
ie | (2) Counter output forced to “H” level Start of counting Counting possible 


. i ti ib! 
(2) Counter output forced to “H”’ level Counting passiple 


Counting not possible ai: Counting possible 


stopped when the gate input is switched to “L”’ 
level, and restarted from the set count value when 
switched back to “H” level. 


Mode 5 (hardware trigger strobe) » 

The counter output is switched to ‘‘H’’ level by the 
mode setting. Counting is started, and the gate input 
used, in the same way as in mode 1. 

The counter output is identical to the mode 4 out- 
put. 

The various roles of the gate input signals in the 
above modes are summarized in the following table. 


(1) Start of counting 
(2) Retriggering 


(1) Start of counting 
(2) Retriggering 


WR | (n=4) f i | (n= 2) — 


3 2 


0 2 1 0 


OUT (GATE = ‘H’) | | | | 
WR (n= 4) . { 


GATE | | 


4 4 4 
OUT 


3 2 1 0 
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WR | (n = 4) f (n= 2) | 


4 3 2 1 4 3 2 1 2 1 2 


OUT (GATE = ‘H’) | | | | 
GATE f | f 


4 3 2 1 4 4 3 2 1 


‘OUT (n= 4) 


Mode 3 
WR (n= 4) | (n= 3) 


4 2 4 2 4 2 4 2 3 2 3 3 


OUT (GATE = ’H’) | | | | | | 
GATE | f 


5 4 2 5 2 5 4 2 5 2 5 4 


OUT (n= 5) | | | 


4 3 2 1 0 


OUT (GATE =‘H’) | Lf 
GATE i 


4 4 3 2 1 0 


OUT | | 


Mode 5 
CLK TLIO LSJ | | | | | | | | | 
GATE fe - . nil _ 


4 3 2 1 0 


OUT (n= 4) | 
GATE [71 i 


4 3 2 1 4 3 2 1 0 


OUT (n= 4) | 


Note: ‘’n”’ is the value set in the counter. 
Figures in these diagrams refer to counter values. 
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Reading of Counter Values 


All 82C53 counting is down-counting, the 


counting being in steps of 2 in mode 3. Counter values 
can be read during counting by (1) direct reading, and 
(2) counter latching (‘‘read on the fly’’). 


-@ Direct reading 
Counter values can be read by direct reading opera- 
tions. 
Since the counter value read according to the timing 
of the RD and CLK signals is not guaranteed, it is 
necessary to stop the counting by a gate input signal, 
or to interrupt the clock input temporarily by an 
external circuit to ensure that the counter value is 
correctly read. 


@ Counter latching . 

In this method, the counter value is latched by 
writing a counter latch command, thereby enabling 
a stable value to be read without effecting the 
counting in any way at all. An example of a counter 
latching program is given below. 

Counter latching executed for counter #1 (Read/ 
Load 2-byte setting) 


MVIA 0100xxxx 
Denotes counter latching 


OUT n3 Write in control word address 
| (n3) 
The counter value at this point 


is latched 
IN nt Reading of the LSB of the 
counter value latched from 
counter #1. 


n1: Counter #1 address 


aa B,A Reading of MSB from counter 
MOV C,A a 
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Example of Practical Application 
@ §82C53 used as a 32-bit counter. 


82C53-5/82C53-2 


Use counter #1 ahd counter #2 
Counter #1: mode O, upper order 16-bit counter 
value ) 
Counter #2: mode 2, lower order 16-bit counter 
. value 
This setting enables counting up to a maximum of 227. 


OKI semiconductor 
MSM82C54RS/GS/JS 


CMOS PROGRAMMABLE INTERVAL TIMER 








GENERAL DESCRIPTION 


The MSM82C54RS/GS/JS is a programmable universal timer designed for use in microcomputer systems. Based 
on silicon gate CMOS technology, it requires a standby current of only 10 nA (max.) when the chip is in the non- 
selected state. During timer operation, power consumption is still very low with only 10 mA (max.) of current 
required. 

It consists of three independent counters, and can count up to a maximum of 8 MHz. The timer features six 
different counter modes, and binary count/BCD count functions. Count values can be set in byte or word units, and 

all functions are freely programmable. 


FEATURES 
e Maximum operating frequency of 8 MHz (Vcc=5V) @ Six counter modes available for each counter 
e@ High speed and low power consumption achieved by @ Binary and decimal counting possible 
silicon gate CMOS technology. @ 24-pin DIP (MSM82C54RS) 
e Completely static operation © 32-pin flat package (MSM82C54GS) 
e Three independent 16-bit down-counters @ 28-pin PLCC package (MSM82C54JS) 


e@ 3V to 6V single power supply 
e Status Read Back Commound 


FUNCTIONAL BLOCK DIAGRAM 





COUNTER 
#1 


INTERNAL BUS 


CONTROL 
WORD 
REGISTER 
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PIN CONFIGURATION 


MSM82C54-RS (TOP VIEW) 
24. LEAD PLASTIC DIP 


MSM82C54-Gs (TOP VIEW) 
32 LEAD PLASTIC FLAT PACKAGE 


OUT2 





GATE2 
N.C 
CLK1 
GATE1 


OUT1 


(NC denotes ‘‘not connected’’} N.C 


Iz |2 
MSM82C54-JS (TOP VIEW) 
28 Plastic Leaded Chip Carrier PACKAGE 


19{) GATE2_ 
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ABSOLUTE MAXIMUM RATINGS 


parameter. | Symbol | Conditions Unit 
MSM82C54RS | MSM82C54GS | MSM82C54JS 


Input Voltage Respect to GND —0.5 to Veg + 0.5 


Output Voltage 


| 





OPERATING RANGES 


Supply Voltage Vcc 3 to 6 Vit = 0.2V, Vin = Vcc - 0.2V, 
. V 
operating frequency 2.6 MHz | 










RECOMMENDED OPERATING CONDITIONS 


ee 
5 
L aa 















° 





“H"’ Input Voltage 


= 
ae 

S 
N 


DC CHARACTERISTICS 


“L’’ Output Voltage 1OL = 2.5mA 
1IOH = -2.5mA 
MOH i 
OH = —100uA 
Input Leak Current o< VIN < Vcc Vcc=4.5V to 5.5V 


“H’’ Output Voltage 


Output Leak Current O0<VouT <Vcc | Ta=-40°C to +85°C 


CS2 Vcc -0.2V 
Standby Supply Current lccs Vin 2 Vcc - 0.2V 
Vit S0.2V 


Operating Supply Current } tec |tciK=1 25ns CL=OpF 
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AC CHARACTERISTICS | 
(Vcc = 4.5V ~ 5.5V, Ta = —40 ~ +85°C) . 


Address set-up time to falling edge of RD 
Chip select input set-up time to falling edge of RD 
Address hold time from rising edge of RD 


RD pulse width 
Data access time from falling edge of RD 


Data access time after address determination tap | 





09 
N 
.?) 
a 
bh 











Reed timing 


Delay time from rising edge of RD to data floating state 


2 


oO 


Address set-up time to falling edge of WR 


t 
tRR 
i RD tRD 
dd} inati AD 
i RD i DF 
RV 
- i WR tAW 
Chip select input set-up time to falling edge of WR 
| Ww 
- i isi tDW 
i isi WR tWD 
| tRV 
i R 
FE 
GW 


t 
t 
t 
t 


N 
oO 
(o>) 


rere 
|WRrecoverytime 
tPWH 

GATE "L" level width 
| GATE input set-up time before risingedge of CLK GS 


t 
tGS 
GATE input hold time before rising edge of CLK 
Output delay time after falling edge of CLK 
CLK rise delay time after rising edge of WR for count value loading 
tWG 


| two 
tCL 


WR pulse width 
Data determination set-up time to rising edge of WR 






=_ 
N 
a 
NIN = 
a; OQ 





Clock gate timing 






S ps} 


GATE sampling delay time after rising edgeof WR for count valueloading 


NO 
1°?) 
Oo 


Output delay time after falling edge of WR for mode set 





aS 
o 


CLK fall set-up time to falling edge of for counter latch command 





Note: Timing measured at Vy = 0.8V and Vy = 2.2V for both inputs and outputs. 


TIME CHART 


Write Timing 
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Read Timing 


Recovery Timing 








Clock & Gate Timing 


COUNTER 
LATCH 


—-—— {CL —~ 
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DESCRIPTION OF PIN FUNCTIONS 


Bidirectional Input/output Three-state 8-bit bidirectional data bus used when writing 
data bus: control words and count values, and reading count values | 
upon reception of WR and RD signals from CPU. 




















Chip select 
input 









Data transfer with the CPU is enabled when this pin is at low 
level. When at high level, the data bus (Dg thru D7) is — 
switched to high impedance state where neither writing nor 
reading can be executed. Internal registers, however, remain 

“unchanged. 


Read input Input Data can be transferred from MSM82C54 _ ~=to CPU when 
| this pin is at low level. | 
Write input Data can be transferred from CPU to MSM82C54_ ~—when 
this pin is at low level. 


AO, Al Address input Input One of the three internal counters or the control word regis- 
ter is selected by AO/A1 combination. These two pins are 
normally connected to the two lower order bits of the 
address bus. 

CLKO~2 _ Clock input Supply of three clock signals to the three counters incorpo- 
. rated in MSM82C54. | 
GATEO~2 Gate input Input Control of starting, interruption, and restarting of counting 
in the three respective counters in accordance to the set con- 
| trol word contents. . ; 


OUT0O~2 Counter output Output Output of counter output waveform in accordance with the 
set mode and count value. 



























SYSTEM INTERFACING 





. ADDRESS BUS 
16 bits 


CONTROL BUS 


DATA BUS 


D7~0 


82C54 


COUNTER #0 COUNTER #1 COUNTER #2 
coe ee Be ee ae Oi ene ee a 


OUT GATE CLK OUTGATECLK OUT GATE CLK 
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DESCRIPTION OF BASIC OPERATIONS 


= 1/0-MSM82C54RS/GS/JS 


Data transfers between the internal registers and the external data bus is outlined in the following table. 





cs | ao | wa | ar 








Eos 


x denotes ‘‘not specified”. 


DESCRIPTION OF OPERATION 


82C54 functions are selected by control words 
from the CPU. In the required program sequence, the 
contro! word setting is followed by the count value 
setting and execution of the desired timer operation. 


Control Word and Count Value Program 

Each counter operating mode is set by control 
word programming. The control word format is outlin- 
ed below. 






















D7 D6 DS D4 D3 D2 £=OD!1 DO 
scr [sco] aut[aco| wz] mi | mo [eco 
Select Read/Load Mode BCD 
Counter 


(CS=0, AO, A1=1,1, RD=1, WR =O) 






e Select Counter (SCO, SC1): Selection of set counter 


[0 | © | cavner Bowen 
To [1 | counter it section 
D1 [0 | counter #2aecton 
D+ [reno sack command 


@ Read/Load (RL1, RLO): 
Loading format setting 


| o | o | Counter Latch operation 


Reading/Loading of Least Significant 

byte (LSB) 

Reading/Loading of Most Significant 
byte (MSB) 
Reading/Loading of LSB followed by 
MSB 





Count value Reading/ 





po | t fo fo | 1 | Deatabusto counter #4 writing 
po | + fo ft | oO | Databusto counter #2Writing 
po | 1 fo | 1 | 1 | Detabustocontrotword register Writing 
po fo | 1 | o | o | Detabustrom counter #0 Reading 
po fo [1 [oo | 1 | Detabus trom counter #1 Reading 
Leese a te 
A ee ee 
pat x | x [x | x | 
ee ee 


Data bus from counter # 2 Reading 


Data bus in high impedance status 













@ Mode (M2, M1, MO): Operation waveform mode 


setting 


CC a 
fo} olo | Mode 0 (Interrupt on Terminal Count) 
Polo] | Mode 1 (Programmable One-Shot) 


Mode 2 (Rate Generator) 












oe AES 

Px [a fa Mode 3 (Square Wave Generator) 
Pao OU sOs Mode 4 (Software Triggered Strobe) 
PARES 


Mode 5 (Hardware Triggered Strobe) 


x denotes ‘’not specified”’. 


e BCD: Operation count mode setting 


Os Binary Count (16-bits Binary) 


BCD Count (4-decades Binary Coded 
Decimal) 


After stting Read/Load, Mode, and BCD in each 
counter as outlined above, next set the desired count 
value. (In some Modes, counting is started immedi- 
ately after the count value has been written). This 
count value setting must conform with the Read/Load 
format set in advance. Note that the internal coun- 
ters are reset to OOOOH during control word setting. 
The counter value (OOOOH) can’t be read. 

The program sequence of the 82C54 is flexible. 
Free sequence programming is possible as long as the 
two following rules are observed: 

(i) Write the control word before writing the initial 
count value in each counter. 

(ii) Write the initial count value according to the count 
value read/write format specified by ‘the control 
word. . 

(Note) Unlike the 82C53-5, the 82C54 allows count 

value setting for another counter between LSB 
and MSB settings. 
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e Example of control word and count value setting 


Counter #0: Read/Load LSB only, Mode 3, 
Binary count, count value 3H 
Counter #1: Read/Load MSB only, Mode 5, 
Binary count, count value AAOOH 
Counter #2: Read/Load LSB and MSB, Mode 0, 
BCD count, count value 1234 | 


MVIA,1EH . 
OUT n3 Counter #0 control word setting 
MVIA, oan ce 
OUT n3 | Counter #1 control word setting 
MVIA,B1 ") . 
OUT n3 Counter #2 control word setting 
MV! A, 03H | ’ 
OUT no Counter #0 count value setting 
MVIA, | : 
OUT ni ova #1 count value setting 
MVI A, 34H 

OUT n2 Counter #2 count value setting 
MVIA, 12H | (LSB then MSB) 

OUT n2. 


INTERNAL BLOCK DIAGRAM OF A COUNTER 


Note: nO: 
nt: 
n2: 
n3: 


Counter #0 address 
Counter #1 address 
Counter #2 address 
Control word register address 


| e The minimum and maximum count values which can 
be counted in each mode are listed below. 





INTERNAL DATA BUS 


CONTROL Spare 
wORD LATCH 
REGISTER 


STATUS 
REGISTER 


CONTROL 
LOGIC 


CLKn{OUTn 
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NOTE CRm 
CRL 
CE 
OLmM 
OLL 


:, Count Register MSB 
: Count Register LSB 
: Counter Element 

: Output Latch LSB 

: Output Latch LSB 





0 executes 10000H count 
(ditto in other modes) 


1 cannot be counted 
1 cannot be counted 





Mode definition 


Mode O 


e Use: Event counter ~ 

e Output operation: The output is set to ‘’L”’ level by 
the control word setting, and kept at “’L’’ level until 
the counter value becomes 0. 

e Gate function: ‘‘H”’ level validates the count opera- 
tion, and ‘‘L”’ level invalidates it. The gate does not 
affect the output. 

e Count value load timing: after the control word 
and initial count values are written, the count 
value is loaded to the CE at the falling edge of the 
next clock pulse. The first clock pulse does not 
cause the count value to be decremented. In other 
words, if the initial count value is N, the output 
is not set to ‘’H’’ level until the input of (N + 1) the 
‘clock pulse after the initial count value writing. 


e Count value writing during counting: 

The count value is loaded in the CE at the falling 

edge of the next clock, and counting with the new 

count value continues. The operation for 2-byte 
count is as follows: 

1) The counting operation is suspended when the 
first byte is written. The output is immediately 
set to ‘’L” level. (no clock pulse is required.) 

2) After the scond byte is written, the new count 
value is loaded to the CE at the falling edge of 
the next clock. 

For the output to go to ‘‘H”’ level again, N+1 
clock pulses are necessary after new count 
value N is written. 
e Count value writing when the gate signal is ‘L"’ 
level: 

The count value is also loaded to the CE at the 

falling edge of the next clock pulse in this case. 

When the gate signal is set to ‘‘H’’ level, the output 

is set to “H” level after the lapse of N clock pulses. 

Since the count value is already loaded in the CE, 

no clock pulse for loading in the CE is necessary. 


Mode 1 


e Use: Digital one-shot 

e Output operation: The output is set to ‘’‘H” level 
by the control word setting. It is set to ‘‘L’’ level 
at the falling edge of the clock succeeding the gate 
trigger, and kept at “L” level until the counter 
value becomes 0. Once the output is set to ‘‘H’”’ level, 
it is kept at ‘’H’’ level until the clock pulse suc- 
ceeding the next trigger pulse. 

e Count value load timing: 

After the control word and initial count value 
are written, the count value is loaded to the CE 
at the falling edge of the clock pulse succeeding the 
gate trigger and set the output to ’’L’’ level. The 
one-shot pulse starts in this way. If the initial count 
value is N, the one-shot pulse interval equals N clock 
pulses. The one-shot pulse is not repetitive. 

e Gate function: The gate signal setting to ‘‘L"’ level 
after the gate trigger does not affect the output. 
When it is set to ‘‘H” level again from ‘’L” level, gate 
retriggering occurs, the CR count value is loaded 
again, and counting continues. | 
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® Count value writing during counting 
It does not affect the one-shot pulse being counted 
until retriggering occurs. 


Mode 2 


e Use: Rate generator, real-time interrupt clock. 

e Output operation: The output is set to “H” level 
by control word setting. When the initial “count 
value is decremented to 1, the output is set to “L” 
level during one clock pulse, and is then set to “"H” 
level again. The initial count value is reloaded, and 
the above sequence repeats. In mode 2, the same: 
sequence is repeated at intervals of N clock pulses 
if the initial count value is N for example. 

e Gate function: ‘‘H’’ level validates counting, and 
“L" level invalidates it. If the gate signal is set to 
“‘L" level when the output pulse is ‘‘L” level, the 
output is immediately set to “H” level. At the 
falling edge of the clock pulse succeeding the trigger, 
the count value is reloaded and counting starts. The 
gate input can be used for counter synchronization 
in this way. 

e Count value load timing: 

After the control word and initial count value is 
written, the count value is loaded to the CE at the 
falling edge of the next clock pulse. The output is 
set to ‘’L"’ level upon lapse of N clock pulses after 
writing the initial count value N. Counter synchro- 
nization by software is possible in this way. 

e Count value writing during counting: 

Count value writing does not affect the current 
counting gperation sequence. If new count value 
writing completes and the gate trigger arrives before 
the end of current counting operation, the count 
value is loaded to the CE at the falling edge of the 
next clock pulse and counting continues from the 
new count value. If no gate trigger arrives, the new 
count value is loaded to the CE at the end of the 
current counting operation cycle. In mode 2, count 
value of 1 is prohibited. 


Mode 3 


e Use: Baud rate generator, square wave generator 

e Output operation: Same as mode 2 except that the 
output duty is different. 

The output is set to “H” level by control word 
setting. When the count becomes half the initial 
count value, the output is set to ‘''L” level and kept 
at “L”’ level during the remainder of the count. 
Mode 3 repeats the above sequence periodically. 
If the initial count value is N, the output becomes a 
square wave with a period of N. 

e Gate operation: “H"’ level validates counting, and 

“L"” level invalidates it. If the gate signal is set to 
“L” level when the output is ‘’L”’ level, the output 
is immediately set to ‘’H”’ level. 
The initial count value is reloaded at the falling 
edge of the clock pulse succeeding the next gate 
trigger. The gate can be used for counter synchroni- 
zation in this way. 
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e Count value Joad timing: 
After the contro! word and initial count value are 
written, the count value is loaded to the CE at the 
falling edge of the next clock pulse. Counter syn- 
chronization by software is possible in this way. 


e Count value writing during counting: 


The count value writing does not affect the current 


counting operation. When the gate trigger input 
arrives before the end of a half cycle of the square 
wave after writing the new count value, the new 
count value is loaded in the CE at the falling edge 
of the next clock pulse, and counting continues 
using the new count value. If there is no gate trigger, 
the new count value is loaded at the end of the 
half cycle and counting continues. 

e Even number counting operation: 

The output is initially set to ‘‘H’’ level. The initial 
count value is loaded to the CE at the falling edge 
of the next clock pulse, and is decremented by 2 
by consecutive clock pulses. When the counter 
value becomes 2, the output is set to ‘’L”’ level, the 
initial value is reloaded and then the above opera- 
tion is repeated. | 

e Odd number counting operation: 

The output is initially set to ‘‘H’ level. At the 
falling edge of the next clock pulse, the initial 
count value minus one is loaded in the CE, and then 
the value is decremented by 2 by consecutive clock 
pulses. When the counter value becomes 0, the out- 
put is set to “‘L”’ level, and then the initial count 
value minus 1 is reloaded to the CE. The value is 
.then decremented by 2 by consecutive clock pulses. 
When the counter value becomes 2, the output is 
again set to ‘‘H’’ level and the initial count value 
minus 1 is again reloaded. The above operations 
are repeated. In other words, the- output is set 
to "‘H” level during (N+1)/2 counting and to “L” 
level during (N—1)/2 counting in the case of odd 
number counting. 


Mode 4 


' @ Use: Software trigger strobe 
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e Output operation: The output is initially set to 
“H" level. When the counter value becomes O, the 
output goes to ‘“‘L” level during one clock pulse, 
and then restores ‘‘H” level again. 

The count seauence starts when the initial count 
value is written. 

e Gate function: ‘‘H” level validates counting, and 
“L’ level invalidates counting. The gate signal does 
not affect the output. 

® Count value load timing: 

After the control word and initial count value are 
written, the count value is loaded to the CE at the 
falling edge of the next clock pulse. The clock pulse 
does not decrement the initial count value. If the 
initial count value is N, the strobe is not output 
unless N+1 clock pulses are input after the initial 
count value is written. 





@ Count value writing during counting: 

The new count value is written to the CE at the 

falling edge of the next clock pulse, and counting 

continues using the new count value. Saas 
for 2-byte count is as follows: 

1) First byte writing does not affect the counting 
operation.. 

2) After the second byte is written, the new count 
value is loaded to the CE at the falling edge of 
the next clock pulse. 

This means that the counting operation is retriggered 

by software. The output strobe is set to ‘’L” level 

upon input of N+1 clock pulses after the new count 
value N is written. 


Mode 5 


e Use: Hardware trigger strobe 

e Output operation: The output is initially set to ““H”’ 
level. When the counter value becomes O after trig- 
gering by the rising edge of the gate pulse, the out- 
put goes to ‘’L”’ level during one clock pulse, and 
then restores ‘’H”’ level. 

® Count value load timing: ; 
Even after the control word and initial count value 
are written, loading to the CE does not occur until 
the input of the clock pulse succeeding the trigger. 
For the clock pulse for CE loading, the count value 
is not decremented. If the initial count value is N, 
therefore, the output is not set to ‘’L"’ level until 
N+1 clock pulses are input after triggering. 

e Gate function: . : 
The initial count value is loaded to the CE at the 
falling edge of the clock pulse succeeding gate 
triggering. The count sequence can be retriggered. 
The gate pulse does not affect the output. 

@ Count value writing during counting: 

The count value writing does not affect the current 
counting sequence. If the gate trigger is generated 
after the new count value is written and before the 
current counting ends, the new count value is loaded 
to the CE at the falling edge of the next clock pu!se, 
and counting continues using the new count value. 
The various roles of the gate input signals in the 

above modes are summarized in the following table. 
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**L”’ Level Falling Edge Rising Edge 


| Counting possible 
(1) Start of counting 
(2) Retriggering 
(1) Counting not possible . a 
f 
(2) Counter output forced to ‘’H’’ level Start of counting Counting possible 
(1) Counting not possible | : 
(2) Counter output forced to ‘‘H’’ level Start of counting Counting possible 


Counting not possible ee Counting possible 


(1) Start of counting 
(2) Retriggering 











Counting not possible 




























GATE f f | 


4 3 2 4 3 2 1 0 


OUT (n= 4) | | 
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Mode 2 | | : | , , | 
WRT] nea n= 2 a 


q.. 3b 2 ok 3. 2 1 2. “Vi. «2 


OUT (GATE = ‘H’) | | — | 
GATE ‘ f ; | f = 


4 3 2 14 4 4 3 #2 «1 


OUT (n= 4) . | | 


WR Lona £ Lin=3) f | 


4 2 4 2 AS 2 eA Be 2. BS 


OUT (GATE = ‘H’) | | | | 
GATE | f 


4 2 0 4 2 4 2 0 4 2 4 2 


OUT (n= 5) [ | 





OUT (GATE =‘H’) | —— so 
GATE | a 


4 3 2 1 0 


ie ee 


Mode 5 
GATE f es 


4 3 2 1 0 


OUT (n=4) | = | | | 
GATE ‘aa oe a | 7 


4 3 #2 #1 #4 =3 2 1 0 


OUT (n= 4) | [ 


Note: ‘’n’’ is the value set in the counter. 
Figures in these diagrams refer to counter values. 
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Reading Counter Values 


All) 82C54 counting is down-counting, the 


counting being in steps of 2 in mode 3. Counter values 
can be read during counting by, (1) direct reading, (2) 
counter latching (‘‘read on the fly’’), and (3) read 
back command. 


(1) Direct reading 


(2 


— 


Counter values can be read by direct reading opera- 
tions. 

Since the counter value read according to the timing 
of the RD and CLK signals is not guaranteed, it is 
necessary to stop the counting by a gate input signal, 
or to interrupt the clock input temporarily by an 
external circuit to ensure that the counter value is 


correctly read. 


Counter latching 

In this method, the counter value is latcned by 
writing a counter latch command, thereby enabling 
a stable value to be read without effecting the 
counting in any way at all. The output latch (OL) 
of the selected counter latches the count value 
when a counter latch command is written. The count 
value is held until it is read by the CPU or the con- 
trol word is set again. 

lf a counter latch command is written again before 
reading while a certain counter is latched, the second 
counter latch command is ignored and the value 
latched by the first counter latch command _ is 
maintained. 

The 82C54 features independent reading and writ- 
ing from and to the same counter. 

When a counter is programmed for the 2-byte 
counter value, the following sequence is possible: 

1. Count value (LSB) reading 

2. New count value (LSB) writing 

3. Count value (MSB) reading 

4. New count value (MSB) writing 


An example of a counter latching program is given 
below. 


Counter latching executed for counter #1 (Read/ 
Load 2-byte setting) 


MVIA 0100xxxx 
Denotes counter latching 


OUT n3 Write in control word address 
| (n3) 
The counter value at this point 


is latched 


IN n1 Reading of the LSB of the 
counter value latched from 
counter #1. 
ni: Counter #1 address 

ge ae Reading of MSB from counter 

MOV C,A fe 








(3) Read Back Command Operation 


Use of the read back command enables the user to 
check the count value, program mode, output pin 
state and null count flag of the selected counter. 

The command is written in the control word register, 
and the format is as shown below. For this com- 


mand, the counter selection occurs according to bits 
D3, D2 and D1. 


D7 D6 D5 D4 D3 D2 O01 DO 
ite dh se COUNTISTATUS| CNT2 | CNT1 | CNTO xcae 2) 


(CS = 0, AO, A1 = 1, RD = 1, WR =O) 





D5: O = Selected counter latch operation 

D4: O = Selected counter status latch operation 
D3: 1 = Counter #2 selection 

D2: 1 = Counter #1 selection 

D1: 1 = Counter #0 selection 

DO: O- Fixed 











It is possible to latch multiple counters by using the 
read back command. Latching of a read counter is 
automatically cancelled but other counters are kept 
latched. If multiple read back commands are written 


for the same counter, commands other than the 
first one are ignored. 

It is also possible to latch the status information 
of each counter by using the read back command. 
The status of a certain counter is read when the 
counter is read. 

The counter status format is as follows: 

Bits D5 to DO indicates the mode programmed by 
the most recently written control word. 

Bit D7 indicates the status of the output pin. 

Use of this bit makes it possible to monitor the 
counter output, so the corresponding hardware may 
be omitted. 


D7 D6 DS D4 D3 D2 D1 DO 
. NULL 


D7: 1 = Output pin status is 1. 


O = Output pin status is 0. 

1 = Null count 

O = Count value reading is effective 

D5 — DO: Programmed mode of counter (See the 
control word format.) 


D6: 


Null count indicates the count value finally written 
in the counter register (CR) has been loaded in the 
counter element (CE). The time when the count 
value was loaded in the CE depends on the mode of 
each counter, and it cannot be known by reading 
the counter value because the count value does not 
tell the new count value if the counter is latched. 
The null count operation is shown below. 
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Operation 
A. Control word register writing 
B. Count register (CR) writing 
C. New count loading to | 

CE (CR > CE) 


Result 
Null count = 1 
Null count = 1 
‘Null count = 0 


(Note) The null count operation for each 
counter is independent. When the 2- 
byte count is programmed, the null 
count is set to 1 when the count value 
of the second byte is written. 






(Note) The latch command at this time point is ignored, and the first latch command is valid. 


if both the count and status are latched, the status 
latched in the first counter read operation is read. 
The order of count latching and status latching is 
irrelevant. 

The count(s) of the next one or two cresaing opera- 
tions is or are read. 
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Read back status and count (counter 0) 


1] 1] 1 {0 Jo] + [0 0 | read beck status (counter 1) 


Read back status (counters 1 and 2) 


Read back count (counter 2) 
nANMNnne Read back status and count: (counter 1) 


[+] [oo [of [0 ein en or co rerece ry 








If status latching is carried out multiple times before 
status reading, other than the first status latch is 
ignored. 

Simultaneous latching of the count.and status of 
the selected counter is also possible. For this pur- 
pose, set bits D4 and D3, COUNT and STATUS bits, 
to 00. This is functionally the same as writing two 
separate read back commands at the same time. If. 
counter/status latching is carried out multiple 
times before each reading, other than the first one 
is ignored here again. The example is shown below. 





Counter 1 Counter 2 
Count Status Count|Status Count|status 


ies EE ee es ee 
Reco eis 
fe fed fab Pe 






e 
| 
2 
5 
m 


Not latched 


L: Latched, —: 


Example of Practical Application 
@ 82C54 used as a 32-bit counter. 


82C54-2 


Use counter #1 and counter #2 


Counter #1: mode 0, upper order 16-bit counter 
value 

Counter #2: mode 2, lower order 16-bit counter 
value : 


This setting enables counting up to a maximum of 277, 


OKI semiconductor 
MSM82C54-2RS/GS/JS 


CMOS PROGRAMMABLE INTERVAL TIMER 








GENERAL DESCRIPTION 


The MSM82C54-2RS/GS/JS is a programmable universal timer designed for use in microcomputer systems. Based 
on silicon gate CMOS technology, it requires a standby current of only 10 uA (max.) when the chip is in the non- 
selected state. And during timer operation, the power consumption is still very low with only 10mMA (max.) of current 
required. 

It consists of three independent: counters, and can count up to a maximum of 10 MHz. The timer features six 
different counter modes, and binary count/BCD count functions. Count values can be set in byte or word units, and 
all functions are freely programmable. 


FEATURES 
e Maximum operating frequency of 10 MHz (Vec=5V) @ Six counter modes available for each counter 
e@ High speed and low power consumption achieved by . @ Binary and decimal counting possible 
silicon gate CMOS technology. @ 24-pin DIP (MSM82C54-2RS) 
e Completely static operation @ 32-pin flat package (MSM82C54-2GS) 
e Three independent 16-bit down-counters e@ 28-pin PLCC package (MSM82C54-2JS) 


e3V to 6V single power supply 
e Status Read Back Commound 


FUNCTIONAL BLOCK DIAGRAM 


COUNTER COUNTER COUNTER 
#1 : #2 


INTERNAL BUS 


DATA CONTROL 
BUS WORD 
BUFFER REGISTER 
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PIN CONFIGURATION 


_MSM82C54-2RS (TOP VIEW) 
_ 24 LEAD PLASTIC DIP 


MSM82C54-2GS (TOP VIEW) 
32 LEAD PLASTIC FLAT PACKAGE 


(NC denotes ‘‘not connected’’) 


= le 
sy = 


MSM82C54-2JS (TOP VIEW) 
28 Plastic Leaded Chip Carrier PACKAGE 


19 |} GATE2 
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ABSOLUTE MAXIMUM RATINGS 


Parametér | Symbol | Conditions 
MSM82C54-2RS | MSM82C54-2GS | MSM82C54-2JS 
| Vin [Respect to GND 














Input Voltage —0.5 to Veg + 0.5 
Output Voltage VouT -—0.5 to Veg + 0.5 
Storage Temperature Tstg Poe —55 to +150 


Power Dissipation PPB Ta = 25°C 0.9 0.7 0.9 Ww 





OPERATING RANGES 













Supply Voltage 











Operating Temperature 


Vcc 3to6 Vit = 0.2V, Vin = Vcc - 0.2V, V 
operating frequency 2.6 MHz 


RECOMMENDED OPERATING CONDITIONS 


Supply Voltage Veo | 45 | 
Operating Temperature Top 




















“L" Input Voltage -0.3 
“H’'’ Input Voltage 





DC CHARACTERISTICS 



















































[ree ne eats oe [ie 
“L"* Output Voltage VoL. | loL = 2.5mA a tae 
“H"’ Output Voltage VOH 

IOH = -100uA Vec-04, | 
Input Leak Current o< Vin <= Vee Vcec=4.5V to 5.5V | -10 a 
Output Leak Current O< Vout <Vcc | Ta=—40°C to +85°C | | 
CS2 Vcc -0.2V 
Standby Supply Current Iccs Vin 2 Vcc - 0.2V 
Vit S0.2V 
Operating Supply Current] Icc  |tcLK=100ns CL=OpF 
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AC CHARACTERISTICS 
(Vcc = 4.5V ~ 5.5V, Ta = -40 ~ +85°C) 








Parameter Symbo 


| Address set-up time to falling edge of RD . tAR 


Chip select input set-up time to falling edge of RD . tSR - 
A 


00 
SS) 
?) 
a 
cm 
N 


—_ 
i<e) oO wo 
ol a;o © 


Rare Ned 
ao} oa Oo 


Ss =) s =} =) =) >} ps =] =} Ss =} 









Address hold time from rising edge of RD 


RD pulse width 
Data access time from falling edge of RD 


Address set-up time to falling edge of WR 
Chip select input set-up time to falling edge of WR 


7) 
Reed timing 


=] 
” 


=] 
a 















a> /sa 


R 
D 
D 
F 
V 
W 
i S 

acres hold time fom king edge of WR ———SSSSS*dW 
[We pukewith —* 
WwW 

D . 
WR V 
WwW 


S 3 
nin 


GATE “‘H” level width | 
GATE “L” level width 


t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 






CL=150pF 


315 
Sir 
TIA 


Ww 
Ww 


ot 

me) 

= 

r 
—_ 
on mn om |e m 
ro) fo) o1o0 a 


R 
R 
R 
A 
D 
R 
A 
Ww 

D 
R 
R 
F 

G 


t 
t 
t 


tGL 
tGS 







GATE input set-up time before rising edge of CLK 














> 
£ 

GATE input hold time before rising edge of CLK ae ® 

Output delay time after falling edge of CLK roo =| | 100 | & 

Output delay time after falling edge of GATE tODG | | 100 | : 

CLK rise delay time after rising edge of WR for count value loading tWC | oo | 55 | 

GATE sampling delay timeafter rising edge of WR forcount valueloading | tWG | 5b 40 

Output delay time after falling edge of WR for mode set twO 

CLK fall set-up time to falling edge of for counter latch command] tCL | 40 





Note: Timing measured at V; = 0.8V and Vy = 2.2V for both inputs and outputs. 


TIME CHART 


Write Timing 
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Read Timing 


Recovery Timing 





Clock & Gate Timing 


COUNTER 


COUNT 
twC LATCH 


tCLK tGS ~—tCL—~+ 


y, 
tGH 
a inne 
twG>| 
tGH 


tODG +tOD 
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DESCRIPTION OF PIN FUNCTIONS 


PinSymbol_| Name | input/output 


Bidirectional input/output Three-state 8-bit bidirectional data bus used when writing 
data bus control words and Count values, and reading count values 
upon reception of WR and RD signals from CPU. 





















Data transfer with the CPU is enabled when this pin is at low 
level. When at high level, the data bus (Dg thru D7) is 
switched to high impedance state where neither writing nor 
reading can be executed. Internal registers, however, remain 
_ unchanged. 


Read input Input Data can be transferred from MSM82C54-2 to CPU when 
this pin is at low level. 

Write input Input Data can be transferred from CPU to MSM82C54- -2 when 
this pin is at low level. . 


AO, Al Address input One of the three internal counters or the contro! word regis- 


ter is selected by AO/A1 combination. These two pins are 
CLKO~2 | Clock input 


normally connected to the two lower order bits of the 
GATEO~2 Gate input 


Chip select © 
input 






















address bus. 






‘Supply of three clock signals to the three counters incorpo- 
rated in MSM82C54-2. . 













Control of starting, interruption, and restarting of counting 
in the three respective counters in accordance to the set con- 
trol word contents. 


OUTO~2 Counter output Output Output of counter output waveform in accordance with the 
set mode and count value. 


SYSTEM INTERFACING 






ADDRESS BUS / 


16 bits 


CONTROL BUS 


DATA BUS 


BE fe] | = : 


D7~0 


82C54-2 
COUNTER #0 COUNTER #1 © COUNTER #2 
i Te ee bearer 


OUT GATE CLK OUTGATECLK OUT GATECLK 





312 





DESCRIPTION OF BASIC OPERATIONS 
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Data transfers between the internal registers and the external data bus is outlined in the following table. 










os | RO | wa | ar | ao 
be 


x denotes ‘‘not specified”’. 


DESCRIPTION OF OPERATION 


82C54-2 functions are selected by control words 
from the CPU. In the required program sequence, the 
control word setting is followed by the count value 
setting and execution of the desired timer operation. 


Control Word and Count Value Program 

Each counter operating mode is set by control 
word programming. The control word format is outlin- 
ed below. 










D7 D6 D5 D4 D3 D2 D1 DO 
[wo [aco 
eS ey 


Select Read/Load Mode BCD 


Counter 
(CS=0, AO, A1=1,1, RD=1, WR =O) 







e Select Counter (SCO, SC1): Selection of set counter 


sco [set contente 
Ok 7a os Counter # O selection 
Po | 1 | counter # tection 
0 | counter #2setecion 
[1 [READ BACK COMMAND | 


e Read/Load (RL1, RLO): 
Loading format setting 


Set Contents | 
Counter Latch operation. 


Reading/Loading of Least Significant 
byte (LSB) 


Reading/Loading of Most Significant 
byte (MSB) 

1 Reading/Loading of LSB followed by 
MSB 

















Data bus to counter # 0 Writing 


Data bus to counter # 1 Writing 
Data bus to counter # 2 Writing 


Data bus to control word register Writing 


Data bus from counter # 0 Reading 


Data bus from counter # 1 Reading 


Data bus from counter # 2 Reading 


Data bus in high impedance status 















Count value Reading/ 





e Mode (M2, M1, MO): 
setting 


[wali [wo] Ser conents 
Fo | © | 0 | Mode 6 ntnupt onTerminal Court 
r+ [moze (rowrammabie Oneshot) 
FT o-[ Mode 2 Rate Great 
Fa [1 [Mode 3 Sauer Wove Generator) 
0 | 0 | Mode 4 (Softwore Tiered Srobe) 
Fo 1 [Mode 5 tanoreTrgeed Svabel 


x denotes ‘not specified’’. 


Operation waveform mode 









e BCD: Operation count mode setting 


| 0 Binary Count (16-its Binary) 
BCD Count (4-decades Binary Coded 
Decimal) 

After setting Read/Load, Mode, and BCD in each 
counter as outlined above, next set the desired count 
value. (In some Modes, counting is started immediately 
after the count value has been written). This count 
value setting must conform with the Read/Load format 
set in advance. Note that the internal counters are reset 
to OOOOH during control: word setting. The counter 
value (OOOOH) can’t be read. 

The program sequence of the 82C54-2 is flexible. 


Free sequence programming is possible as long as the 
two following rules are observed: 






(i) Write the control word before writing the initial 
count value in each counter. 

(ii) Write the initial count value according to the count 
value read/write format specified by ‘the control 
word. a 

(Note) Unlike the 82C53-5, the 82C54-2 allows count 

value setting for another counter between LSB 
and MSB settings. 
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e Example of control word and count value setting Note: nO: Counter #0 address 
ni: Counter #1 address 
Counter #0: Read/Load LSB only, Mode 3, | on = 
; | n2: Counter #2 address 
_ Binary count, count value 3H 


Counter #1: Read/Load MSB only, Mode 5, n3: Control word register address 
Binary count, count value AAOOH , 

Counter #2: Read/Load LSB and MSB, Mode 0, 
BCD count, count value 1234 


e The minimum and maximum count values which can 











MVIA, sl Counter #0 control word setting be counted in each mode are listed below. 

OUT n3 

MVIA, =a a 

ouTn3 — | Counter #i controlwordsetting — Mode [Min [Max [Remarks 
pee ‘| Counter #2 control word setting 1 o | executes 10000H count 
MV I A 03H {ditto in other modes). 
MVI'A.AAH] counter #1 count value setting | 2 | 2 | 0 | ‘eannotbecounted | 
OUT n2 Counter #2 count value setting | oo | 

MVIA,12H | (LSB then MSB) 

OUT n2 Eos! 


INTERNAL BLOCK DIAGRAM OF A COUNTER 


Arne STATUS 
WORD LATCH 
REGISTER 


STATUS 
‘REGISTER 





CONTROL 
LOGIC 





CLKnf{OUTn NOTE CRM : Count Register MSB 
: Count Register LSB 
: Counter Element 
: Output Latch LSB 
: Output Latch LSB 





314 








Mode definition 


Mode O 


e Use: Event counter 

e Output operation: The output is set to ‘’L” level by 
the control word setting, and kept at “‘L”’ level until 
the counter value becomes 0. 

e Gate function: ’‘H’’ level validates the count opera- 
tion, and “‘L’’ level invalidates it. The gate does not 
affect the output. 

e Count value load timing: after the control word 
and initial count value are written, the count value 
is loaded to the CE at the falling edge of the next 
clock pulse. The first clock pulse does not cause the 
count value to be decremented. In other words, if 
the initial count value is N, the output is not set to 
“H" level until the input of (N+1) the clock pulse 
after the initial count value writing. : 

@ Count value writing during counting: 

The count value is loaded in the CE at the falling 

edge of the next clock, and counting with the new 

‘ count value continues. The operation for 2-byte 
count is as follows: 

1) The counting operation is suspended when the 
first byte is written. The output is immediately 
set to ‘“‘L” level. (no clock pulse is required.) 

2) After the scond byte is written, the new count 
value is loaded to the CE at the falling edge of 
the next clock. 

For the output to go to ‘’H”’ level again, N+1 
clock pulses are necessary after new count 
value N is written. 

eCount value writing when the gate signal is “’L”’ 
level: 

The count value is also loaded to the CE at the 

falling edge of the next clock pulse in this case. 

When the gate signal is set to ‘‘H” level, the output 

is set to “HH” level after the lapse of N clock pulses. 

Since the count value is already loaded in the CE, 

no clock pulse for loading in the CE is necessary. 


Mode 1 


e Use: Digital one-shot 

e Output operation: The output is set to ““H”’ level 
by the control word setting. It is set to ““L”’ level 
at the falling edge of the clock succeeding the !gate 
trigger, and kept at ‘’L” level until the counter 
value becomes 0. Once the output i§ set to ‘’H” level, 
it is kept at ‘’H” level until the clock pulse suc- 
ceeding the next trigger pulse. 

e Count value load timing: 

After the control word and initial count value 
are written, the count value is loaded to the CE 
at the falling edge of the clock pulse succeeding the 
gate trigger and set the output to “L” level. The 
one-shot pulse starts in this way. If the initial count 
value is N, the one-shot pulse interval equals N clock 
pulses. The one-shot pulse is not repetitive. 

e Gate function: The gate signal setting to “‘L”’ level 
after the gate trigger does not affect the output. 
When it is set to “’H” level again from ‘’L”’ level, gate 
retriggering occurs, the CR count value is loaded 
again, and counting continues. 
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e Count value writing during counting 
It does not affect the one-shot pulse being counted 
until retriggering occurs. 


Mode 2 


e Use: Rate generator, real-time interrupt clock. 

e Output operation: The output is set to ““H” level 
by control word setting. When the initial count 
value is decremented to 1, the output is set to “L” 
level during one clock pulse, and is then set to “’H” 
level again. The initial count value is reloaded, and 
the above sequence repeats. In mode 2, the same 
sequence is repeated at intervals of N clock pulses 
if the initial count value is N for example. 

e Gate function: ‘'H” level validates counting, and 
“L” level invalidates it. If the gate signal is set to 
“LL” level when the output pulse is ‘’L’’ level, the 
Output is immediately set to “H” level. At the 
falling edge of the clock pulse succeeding the trigger, 
the count value is reloaded and counting starts. The 
gate input can be used for counter synchronization 
in this way. 

e@ Count value load timing: 

After the control word and initial count value is 
written, the count value is loaded to the CE at the 
falling edge of the next clock pulse. The output is 
set to ‘’L’’ level upon lapse of N clock pulses after 
writing the initial count value N. Counter synchro- 
nization by software is possible in this way. 

e Count value writing during counting: 

Count value’ writing does not affect the current 
counting operation sequence. If new count value 
writing completes and the gate trigger arrives before 
the end of current counting operation, the count 
value is loaded to the CE at the falling edge of the 
next clock pulse and counting continues from the 
new count value. If no gate trigger arrives, the new 
count value is loaded to the CE at the end of the 
current counting operation cycle. In mode 2, count 
value of 1 is prohibited. 


Mode 3 


e Use: Baud rate generator, square wave generator 

e Output Operation: Same as mode 2 except that the 
output duty is different. 
The output is set to ‘‘H” level by control word 
setting. When the count becomes half the initial 
count value, the output is set to “’L”’ level and kept 
at ‘‘L’’ level during the remainder of the count. 
Mode 3 repeats the above sequence periodically. 
If the initial count value is N, the output becomes a 
square wave with a period of N. 

e Gate operation: “H”’ level validates counting, and 
“"L’ level invalidates it. If the gate signal is set to 
“L” level when the output is ‘’L”’ level, the output 
is immediately set to ‘’H”’ level. 
The initial count value is reloaded at the falling 
edge of the clock pulse succeeding the next gate 
trigger. The gate can be used for counter synchroni- 
zation in this way. 
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e Count value load timing: 
After the control word and initial count value are 
written, the count value is loaded to the CE at the 
falling edge of the next clock pulse. Counter syn- 
chronization by software is possible in this way. 

e Count value writing during counting: 
The count value writing does not affect the current 
counting operation. When the gate trigger input 
arrives before the end of a half cycle of the square 
wave after writing the new count value, the new 
count value is loaded in the CE at the falling edge 
of the next clock pulse, and counting continues 
using the new count value. If there is no gate trigger, 
the new count value is loaded at the end of the 
half cycle and counting continues. 

e Even number counting operation: 
The output is initially set to ‘’H’’ level. The initial 
count value is loaded to the CE at the falling edge 
of the next clock pulse, and is decremented by 2 
by consecutive clock pulses. When the counter 
value becomes 2, the output is set to ‘‘L’”’ level, the 
initial value is reloaded and then the above opera- 
tion is repeated. | 

e Odd number counting operation: 
The output is initially set to “H” level. At the 
falling edge of the next clock pulse, the initial 
count value minus one is loaded in the CE, and then 


the value is decremented by 2 by consecutive clock | 


pulses. When the counter value becomes 0, the out- 
put is set to ‘’L’’ level, and then the initial count 
‘value minus 1 is reloaded to the CE. The value is 
then decremented by 2 by consecutive clock pulses. 
When the counter value becomes 2, the output is 
again set to ‘‘H” level and the initial count value 
minus 1 is again reloaded. The above operations 
are repeated. In other words, the output is set 
to “H" level during (N+1)/2 counting and to “L” 
level during (N—1)/2 counting in the case of odd 
number counting. 


Mode 4 © 


e Use:. Software trigger strobe 

e Output operation: The output is initially set to 
“H" level. When the counter value becomes 0, the 

output goes to ‘’L” level during one clock pulse, 
and then restores ‘‘H”’ level again. 

The count seauence starts when the initial count 
value is written. 

e Gate function: ‘“"H” level validates counting, and 
“L" level invalidates counting. The gate signal does 
not affect the output. 

© Count value load timing: 

After the contro! word and initial count value are 


written, the count value is loaded to the CE at the. 


falling edge of the next clock pulse. The clock pulse 
does not decrement the initial count value. If the 
initial count value is N, the strobe is not output 
unless N+1 clock pulses are input after the initial 
count value is written. 
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e Count value writing during counting: 

The new count value is written to the CE at the 

falling edge of the next clock pulse, and counting 

continues using the new count value. The operation 
for 2-byte count is as follows: 

1) First byte writing does not affect the counting 
operation. 

2) After the second byte is written, the new count 
value is loaded to the CE at the falling edge of 
the next clock pulse. 

This means that the counting operation is retriggered 

by software. The output strobe is set to “L” level 

upon input of N+1 clock pulses after the new count 

value N is written. . 


Mode 5 


e Use: Hardware trigger strobe 

e Output operation: The output is initially set to ‘’H” 
level. When the counter value’ becomes O:after trig- 
gering by the rising edge of the gate pulse, :the out- 
put goes to ‘’L’’ level during one clock pulse, and 
then restores ‘’H’’ level. . 

© Count value load timing: . 
Even after the control word and initial count value 
are written, loading to the CE does not occur until 
the input of the clock pulse succeeding the trigger. 
For the clock pulse for CE loading, the count value 
is not decremented. If the initial count value is N, 
therefore, the output is not set to ’’L” level until 
N+1 clock pulses are input after triggering. 

e Gate function: | | 
The initial count value is loaded to the CE at the 
falling edge of the clock pulse succeeding gate 
triggering. The count sequence can be retriggered. 
The gate pulse does not affect the output. 

e Count value writing during counting: a 
The count value writing does not affect the current 
counting sequence. If the gate trigger is generated 
after the new count value is written and before the 
current counting ends, the new count value is loaded 
to the CE at the falling edge of the next clock pulse, 

. and counting continues using the new count value. 
The various roles of the gate input signals in the 
above modes are summarized in the following table. 
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Counting not possible Counting possible 


(1) Start of counting 
(2) Retriggering 
. (1) Counting not possible 
f i t ibl 
(2) Counter output forced to “H” level stariencounting Counting possible 
(1) Counting not possible 
f . 
(2) Counter output forced to “H” level Start of counting 
Counting not possible he Counting possible 


(1) Start of counting 
(2) Retriggering | 












Counting possible 

















i a a ee ae, a ia 
) , 

Miegh . 
| 
| 

GATE es 


4 3 2 1 0 
OUT 


GATE f { | 


4 3 2 4 3 2 1 0 


OUT (n= 4) | | 
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Mode 2 | _ 
CLK | | | l | | | | | | f LJ l | | 
WR (n = 4) (n = 2) 


4 3 2. 1 4 3 2 1 2 V 2 


OUT (GATE = ‘H’) | | | | 
GATE f | f 


4 3 2 1 4 4 3 2 1 


OUT (n= 4) | | 


Mode 3 


wa Lin=a) fF ~ [ln=3) f 


4 2 4 2 4 2 4 2 3 2 3 3 


OUT (GATE = 'H’) | | | | | | | a 
GATE | | f | 


4 2 0 4 2 4 2 0 4 2 4 2 


OUT (n= 5) | | | | , 


Mode 4 


OUT (GATE =‘H’) | | 
GATE f . 


Mode 5 


GATE f 


4 3 2 1 0 


OUT (n= 4) | 
GATE 7) nay | | 


4 3 2 1 4 3 2 1 0 


OUT (n= 4) a | 


Note: ‘’n”’ is the value set in the counter. 
Figures in these diagrams refer to counter values. 








Reading Counter Values 

All 82C54-2 counting is down-counting, the 
counting being in steps of 2 in mode 3. Counter values 
can be read during counting by, (1) direct reading, (2) 
counter latching (‘‘read on the fly’’), and (3) read 
back command. 


(1) Direct reading 
Counter values can be read by direct reading opera- 
tions. 
Since the counter value read according to the timing 
of the RD and CLK signals is not guaranteed, it is 
necessary to stop the counting by a gate input signal, 
or to interrupt the clock input temporarily by an 
external circuit to ensure that the counter value is 
correctly read. 
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Counter latching 

In this method, the counter value is latched by 
writing a counter latch command, thereby enabling 
a stable value to be read without effecting the 
counting in any way at all. The output latch (OL) 
of the selected counter latches the count value 


when a counter latch command is written. The count — 


value is held until it is read by the CPU or the con- 
trol word is set again. 

If a counter latch command is written again before 
reading while a certain counter is latched, the second 
counter latch command is ignored and the value 
latched by the first counter latch command is 
maintained. 

The 82C54-2 features independent reading and 
writing from and to the same counter. 

When a counter is programmed for the 2-byte 
counter value, the following sequence is possible: 

1. Count value (LSB) reading - 

2. New count value (LSB) writing 

3. Count value (MSB) reading 

4. New count value (MSB) writing 


An example of a counter latching program ,is given 
below. 


Counter latching executed for counter #1 (Read/ 
Load 2-byte setting) 


MVIA 0100xxxx 
Denotes counter latching 


OUT n3 Write in control word address 
| (n3) 
The counter value at this point 


is latched 


IN n1 Reading of the LSB of the 
counter value latched from 
counter #1. 
ni: Counter #1 address 

ee Bee Reading of MSB from counter 

MOV C,A ol 
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(3) Read Back Command Operation 
Use of the read back command enables the user to 
check the count value, program. mode, output pin 
state and null count flag of the selected counter. 
The command is written in the control word register, 
and the format is as shown below. For this com- 
mand, the counter selection occurs according to bits 
D3, D2 and D1. 


D7 D6 D5 D4 D3 02 D1 DO 
Fa J] COUNT|STATUS] CNT2 | CNT1 | CNTO | 0 | 


(CS = 0, AO, A1 = 1, RD = 1, WR = 0) 








D5: O = Selected counter latch operation 
D4: O = Selected counter status latch operation 
D3: 1 = Counter #2 selection 
D2: 1 = Counter #1 selection 
D1: 1 = Counter #0 selection 
: O Fixed 








It is possible to latch multiple counters by using the 
read back command. Latching of a read counter is 
automatically cancelled but other counters are kept 
latched. !f multiple read back commands are written 
for the same counter, commands other than the 
first one are ignored. 

It is also possible to latch the status information 
of each counter by using the read back command. 
The status of a certain counter is read when the 
counter is read. 

The counter status format is as follows: 

Bits D5 to DO indicates the mode programmed by 
the most recently written control word. 

Bit D7 indicates the status of the output pin. 

Use of this bit makes it possible to monitor the 
counter output, so the corresponding hardware may 
be omitted. 


D7 D6 D5 D4 D3 D2 D1 DO 
NULL 
como aut [mo | we [| om [eco 


D7: 1 = Output pin status is 1. 


O = Output pin status is O. 
D6: 1 = Null count 
O = Count value reading is effective 
D5 — DO: Programmed mode of counter (See the 
control word format.) 





Null count indicates the count value finally written 
in the counter register (CR) has been loaded in the 
counter element (CE). The time when the count 
value was loaded in the CE depends on the mode of 
each counter, and it cannot be known by reading 
the counter value because the count value does not 
tell the new count value if the counter is latched. 
The null count operation is shown below. 
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If status latching is carried out multiple times before 


Operation Result status reading, other than the first status latch is 
A. Control word register writing = qjut} count = 1 ignored. . . . 
B. Count register (CR) writing ‘Null count = 1 Simultaneous latching of the count and status of 
C. New count loading to Null count = 0 the selected counter is also possible. For this pur- 
CE (CR —> CE) pose, set bits D4 and D3, COUNT and STATUS bits, 
to 00. This is functionally the same as writing two 
(Note) The null count operation for each separate read back commands at the same time. If 
counter is independent. When the 2- counter/status latching is carried out multiple 
byte count is programmed, the null times before each reading, other than the first one 

count is set to 1 when the count value is ignored here again. The example is shown below. 





of the second byte is written. 
Contents ; 
pipspspaps}ozppo oun ts oun Cour Bas 






é 
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es rierre 
(NOTE) 


rc 
rc 


rc 


ms) 
ro) 
© 
Qa 
oy 
© 
2) 
2 
bis 
ry 
ct 
& 
n 
8 
3 
eo 
© 
n 
a 
) 
3 
jos 
a 
= 






a 
r 
r- 
rr 


PRESS SCRE err am 
Read back status and count (counter 1) as a L 
Read back status (counter 0) | wie 


rm 
I~ 
- 






L: Latched, se Not latched 


(Note) The latch command at this time point is ignored, and the first latch command is valid. 


If both the count and status are latched, the status Example of Practical Application 
latched in the first counter read operation is read. @ 82C54-2 used as a 32-bit counter. 
The order of count latching and status latching is 


irrelevant. 
The count(s) of the next one or two reading opera- 
tions is Or are read. 





82C54-2 





‘Use counter #1 and counter #2 
Counter #1: mode 0, upper order 16-bit counter 
value 


Counter #2: mode 2, lower order 16-bit counter 
value 
This setting enables counting up to a maximum of 2°. 
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OKI semiconductor 


MSM82C55A-5RS/GS 
MSM82C55A-2RS/GS/JS 


CMOS PROGRAMMABLE PERIPHERAL INTERFACE 





GENERAL DESCRIPTION 


The MSM82C55A is a programmable universal |/O interface device which operates as high speed and on 
low power consumption due to 3 pz silicon gate CMOS technology. It is the best fit as an I/O port in a system 
which employs the 8-bit parallel processing MSM80C85A CPU. This device has 24-bit I/O pins equivalent to three 
8-bit 1/O ports and all inputs/outputs are TTL interface compatible. 


FEATURES 
e@ High speed and low power consumption. due to 3 u @ Bit set/reset function (Port C) 
silicon gate CMOS technology @ TTL compatible 
e3V to6 V single power supply e 40-pin DIP (MSM82C55A-5RS/MSM82C55A-2RS) 
@ Full static operation e 44-pin flat package 
@ Programmable 24-bit !/O ports (MSM82C55A-5GS/MSM82C55A-2GS) 
@ Bidirectional bus operation (Port A) @ 44-pin PLCC (MSM82C55A-2JS) 


® Compatible with 8255A-5 


CIRCUIT CONFIGURATION 





Ww 
cs 
I 
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PIN CONFIGURATION 


MSM82C55A-5RS (Top View) —-_°43 PAq 
MSM82C55A-2RS PA2 (2) PAS 
40 Lead Plastic DIP PA, [3] 8] PAg 
: PAy [4] PA, 
RD WR 
cs RESET 
GND Do 
Ai D 
Ao D2 
PC4 D3 
PC. Da 
PC. Ds 
PC, De 
PCo D, 
PC, Vcc 
PC. PB, 
PC; PB. 
PBo PBs 
PB, PB4 
PB, PB; 





RESET 


O 


D, MSM82C55A-2GS 
D3 44 Lead Plastic Flat Package 





1 

2 
3 
4 
5 
6 
7 
8 
9 


fa 
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PC, (411 PB, 
121314 15 16 171819 20 21 22 


Oo .” © 


- ae OM &€ ww CY 
-oOoOmnnmnm OMNMDAA STS 
Zaaoanasaaaaed 





MSM82C55A-2JS (Top View) ; 
44-pin Plastic Leaded Chip Carrier 
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—————_—__—_—_—————_4'_1/0-MSM82C55A-5RS/GS MSM82C55A-2RS/GS/JS 
ABSOLUTE MAXIMUM RATINGS 


Limits | 
Parameter Symbol | Conditions ~~ Segre a, 
MsMs2c55-2RS | msms2css-2cs | “SM82C59-5J5 


ith 
Input Voltage seat ~0.5 to Veo + 0.5 
























Output Voltage Vout | to GND -0.5 to Veg + 0.5 
Storage Temperature st ae -—55 to +150 


Power Dissipation | Pp | Ta = 25°C 1.0 0.7 1.0 


OPERATING RANGE 







RECOMMENDED OPERATING RANGE 


a 
[Sippy vorwe «| vec—=f ass wT 
Terinput vere fn] sf wT 
[aH iputvorage [vm | _22| +i vecws |v 








9° 








DC CHARACTERISTICS 


“L*’' Output Voltage loL =2.5mA 
| 19H = -400 uA 
“H” Output Voltage VOH | |OH = -40HA 
| =-2.5mA 
on Vcc = 4.5V to 
ICC 


Input Leak Current 0<VIN<Vecc 5.5V 
Output Leak Current 0<VouT<Vcc | Ta= -40°C to 


ne +85°C 
Supply Current . ce ee (Cy. = OpF) 
(standby) CCS IH 2 Vcc -9. 


Vit £0.2V 


Average Su | 1/O wire cycle 
: aad . 82C55A-5 ....3MHzCPU timing 


Current (active) 82C55A-2 ... SMHzCPU timing 








# 1/O-MSM82C55A-5RS/GS MSM82C55A-2RS/GS/JS 


AC CHARACTERISTICS 
(Vcc = 4.5 to 5.5V, Ta = -40 to +80°C) 











symbol M82C55A-5 |MSM82C55A-2 


Parameter 


Setup Time of address to the falling edge of RD pte 
Hold Time of address to ‘the rising edge of RD 
RD Pulse Width 


Delay Time from the falling edge of RD to the 

output of defined data 

Delay Time from the rising edge of RD to the 

floating of data bus 

Time from the rising edge of RD or WR to the next 

falling edge of RD or WR - 

Setup Time of address before the falling edge of WR 
Hold Time of address after the rising edge or WR | twa | 
WR Pulse Width 


Setup Time of bus data before the rising edge of WR tow 
Hoit Time of bus data after the rising edge of ‘WR 


Delay Time from the rising edge of WR to the 
‘output of defined data 

Setup Time of port data before the falling se of | 
RD 


Hold Time of port data after the rising edge of RD ea 
ACK Pulse Width | tak | 










20 


= 


= 


WO 
© 


2) 
© 


ae 
aa 
fae 
a 
focal 
aaa 
| 
| 
ae 
~ 
fe 


N 
© 


0 

0 
ns 

0 ns 

0 ns ° 
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ol 


2 

3 

2 

1 
20 

Delay Time from the falling edge of ACK to the 

output of defined data ‘AD 

Delay Time from the rising edge of ACK to the 

floating of port (Port A in mode 2) 

Delay Time from the rising edge of WR to the falling 

edge of OBF 

Delay Time from the falling edge of ACK to the ‘ 

rising edge of OBF AOB 

Delay Time from the falling edge of STB to the : 

rising edge of IBF SIB 

Delay Time from the rising edge of RD to the falling 

edge of IBF 

Delay Time from the falling edge of RD to the ‘ 

falling edge of INTR RIT 

Delay Time from the rising edge of STB to the ; 

rising edge of INTR SIT 


Delay Time from the rising edge of ACK to the ; 
rising edge of INTR AIT 
Delay Time from the falling edge of WR to the ‘ 
falling edge of INTR WIT 


Note: Timing is measured at V; =0.8 V and Vy = 2.2 V for both input and outputs. 








=) 


W 
8/8] 8 
io) 









Ww 
Oo 
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Basic Input Operation (Mode 0) 


RD 


Port input 


CS, Ay, Ao 





Basic Output Operation (Mode 0) 


WR 
D7 ~Do 
CS, Ay, Ao 


Port output 





Strobe Input Operation (Mode 1) 


aa 
rortinput -——-{———*dt—C*? 


tps 
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Strobe Output Operation (Mode 1) 


Port output 





Bidirectional Bus Operation (Mode 2) 
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OUTPUT CHARACTERISTICS (REFERENCE VALUE) 
1 Output “H” Voltage (Vo}) vs. Output Current (Io}) 


Ta = -40~85°C 


Vcc = 5.0V 


> 
a 
O 
> 
® 
bez) 
@ 
= 
°) 
> 
= 
aS 
pe | 
Qa 
~ 
J 
O 


“1 2 3 4 5 


Output current !Oy (mA) 





2 Output “L’”’ Voltage (Vo ,) vs. Output Current (Io,) 


Vcc = 5.0V 


Ta = -40~85°C 


Output “L’’ voltage Voi (V) . 


Output current Io, (mA) 





Note: The direction of flowing into the device is taken as positive for the output current. 


327 


@ 1/(O-MSM82C55A-5RS/GS MSM82C55A-2RS/GS/JS & 


FUNCTIONAL DESCRIPTION OF PIN 


Bidirectional These are three-state 8-bit bidirectional buses used to write and 
data bus read data upon receipt of the WR and RD signals from CPU and 
also used when contro! words and bit set/reset data are trans- 
ferred from CPU to MSM82C55A. 





Input and 
output 




























This signal is used to reset the control register and all internal 
registers when it is in high level. At this time, ports are all made 
into the input mode (high impedance status). 


7 


Chip select Input 
input 






When the CS is in low level, data transmission is enabled with 
CPU. When it is in high level, the data bus is made into the high 
impedance status where no write nor read operation is performed. 
Internal registers hold their previous status, however. 


Read input Input When RD is in low level, data is transferred from MSM82C55A 
to CPU. | 
When WR is in low level, data or control words are transferred 
from CPU to MSM82C55A. | 
hase select Input By combination of AO and A11, either one is selected from among 
input port A, port B, port C, and control register. These pins are usually 
(address) connected to low order 2 bits of the address bus. 
— 
PB7~PBO | PortB Input and | 
output 


PC7 ~ PCO Port C Input and 
| output 























These are universal 8-bit |/O ports. The direction of inputs/out- 
puts can be determined by writing a control word. Especially, 
‘port A can be used as a bidirectional port when it is set to mode 2. 





Input and 
output 





These are universal 8-bit 1/O ports. The direction of inputs/out- 
puts can be determined by writing a control word. 












These are universal 8-bit 1/O ports. The direction of inputs/out- 
puts can be determined by writing a control word as 2 ports 
with 4 bits each. When port A or port B is used in mode 1 or 
mode 2 (port A only), they become control pins. Especially 
when port C is used as an output port, each bit can be set/reset 
independently. 






BASIC FUNCTIONAL DESCRIPTION When used in mode 1 or mode 2, however, port C 


has bits to be defined as ports for control signal for 
Group A and Group B operation ports (port A for group A and port B for 


When setting a mode to a port having 24 bits, set group B) of their respective groups. 
it by dividing it into two groups of 12 bits each. 
Group A: Port A (8 bits) and high order 4 bits Port A, B, C 


of port C (PC7 ~ PC4) The internal structure of 3 ports is as follows: 
Group B: Port B (8 bits) and low order 4 bits of Port A: One 8-bit data output latch/buffer and 
port C (PC3 ~ PCO) © one 8-bit data input latch 
Port B: One 8-bit data input/output latch/buf- 
Mode0,1,2 _ fer and one 8-bit data input buffer 
There are 3 types of modes to be set by grouping Port C: One 8-bit data output latch/buffer and 
as follows: one &bit data input buffer (no latch 
Mode 0: Basic input operation/output operation for input) 


(Available for both groups A and B) 
Mode 1: Strobe input operation/output opera- Single bit set/reset function for port C 


tion When port C is defined as an output port, it is pos- 
(Available for both groups A and B) sible to set (to turn to high level) or reset (to turn to 

Mode 2: _Bidiréctional bus operation low level) any one of 8 bits individually without affect- 
(Available for group A only) ing other bits. 
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OPERATIONAL DESCRIPTION 


Control! Logic 
Operations by addresses and control signals, e.g., read and write, etc. are as shown in the table below: 


| epereton [ar | ao | es [we | R] pet 
po [o [os [o [tomas deesu 
Po [a fo [a [o [Pon peeeu 


Port C >Data Bus 


Setting of Control Word 
The control register is composed of 7-bit latch circuit and 1-bit flag as shown below. 










Data Bus>PortA - 


Data Bus >Port B 


See ED 

po folfo|i | 

or Os] oe 

Rae Sees Data Bus Port C 
eee 

eee 

Ene Res 





Data Bus Control Register 


IHegal Condition — ; 
Data bus is in the high impedance status. 





Group A Control Bits Group B Control Bits 


EET ee EE 
els [ se] ol | el 
a 


Definition of input/ 
Output of low order 
4 bits of port C. 


0 = Output 
1 = Input 





Definition of input/ 
output of 8 bits of 
port B 


O = Output 
1 = Input 


Mode definition 0 = Mode 0 
of group B 1 = Mode 1 


Definition of input/ = 
output of high order : = raed 
4 bits of port C = Inpu 


Definition of input/ 
output of 8 bits of 
port A 


.JO = Output 
1 = Input 


Mode definition of group A 


Control word identification flag 
Be sure to set 1 for the control 
word to define a mode and input/ 
output. 

(When set to 0, it becomes the 
control word for bit set/reset.) 





Precaution for mode selection Bit Set/Reset Function 

The output registers for ports A and C are cleared When port C is defined as output port, it is possible 
to @ each time data is written in the command register to set (set output to 1) or reset (set output to 0) any 
and the mode is changed, but the port B state is un- one of 8 bits without affecting other bits as shown 
defined. next page. 
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Definition of set/reset O = Reset 
for a desired bit 1 = Set 





Definition of 
bit wanted 
to be set or 
reset 

SS 

Don’t Care 


Control! word identification flag 
Be sure to set to 0 for bit set/ 
reset. 

(When set to 1’, it becomes the 
control word to define a mode 
and input/output.) 


Interrupt Control Function Operational Description by Mode 
When the MSM82C55A is used in mode 1 or 1. Mode 0 (Basic input/output operation) 

mode 2, the interrupt signal for the CPU is provided. Mode O makes the MSM82C55A operate as a bas- 
The interrupt request signal is output from port C. When ic input port or output port. No control signals such 
the internal flip-flop INTE is set beforehand at this time, as interrupt request, etc. are required in this mode. 
the desired interrupt request signal is output. When it All 24 bits can be used as two-8-bit ports and two 
is reset beforehand, however, the interrupt request sig- 4-bit ports. Sixteen combinations are then possible 
nal is not output. The set/reset of the internal flip-flop for inputs/outputs. The inputs are not latched, but 
is made by the bit set/reset operation for port C virtually. the outputs are. 


Bit set > INTE is set > Interrupt allowed 
Bit reset > INTE is reset > Interrupt inhibited 


[eww | ove [ tot 
ait eee ee ee 
ose | owt 








Note: When used in mode 0 for both groups A and B 
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2. Mode 1 (Strobe input/output operation) 


In mode 1, the strobe, interrupt and other control 
signals are used when input/output operations are 
made from a specified port. This mode is available 
for both groups A and B. In group A at this time, 
port A is used as the data line and port C as the con- 
trol signal. 

Following is a descrption of the input operation in 
mode 1. 

STB (Strobe input) . 


When this signal is low level, the data output 
from terminal to port is fetched into the internal 
latch of the port. This can be made independent 
from the CPU, and the data is not output to the 
data bus until the RD signal arrives from the 
CPU. 


IBF (Input buffer full flag output) 


This is the response signal for the STB. This 
signal when turned to high level indicates that 
data is fetched into the input latch. This signal 
turns to high level at the falling edge of STB and 
to low level at the rising edge of RD. 


INTR (Interrupt request output) 


This is the interrupt request signal for the CPU 
of the data fetched into the input latch. It is in- 
dicated by high level only when the internal INTE 
flip-flop is set. This signal turns to high level at 
the rising edge of the STB (IBF = 1 at this time) 


Mode 1 Input 


(Group A) 


| Note: Although belonging to group B, PC3 operates 
as the control signal of group A functionally. 


and low level at the falling edge of the RD when 
the INTE is set. 

INTE, of group A is set when the bit for PCq is 
set, while INTEg of group B is set when the bit 
for PC> is set. 

Following is a description of the output opera- 
tion of mode 1. 


OBF (Output buffer full flag output) 


This signal when turned to low level indicates 
that data is written to the specified port upon 
receipt of the WR signal from the CPU. This sig- 
nal turns to low level at the rising edge of the 
WR and high level at the falling edge of the ACK. 


ACK (Acknowledge input) 


This signal when turned to low level indicates 
that the terminal has received data. 


INTR (Interrupt request output) 


This is the signal used to interrupt the CPU when 
a terminal receives data from the CPU via the 
MSM82C55A-5. It indicates the occurrence of 
the interrupt in high level only when the inter- 
nal INTE flip-flop is set. This signal turns to high 
level at the rising edge of the ACK (OBF = 1 at 
this time) and low level at the falling edge of WR 
when the INTEg is set. 

INTE, of group A is set when the bit for PC. 
is set, while INTEg of group B is set when the 
bit for PC is set. 





Mode 1 output 
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Port C Function Allocation in Mode 1 


Combination of . ; oe a 
Input/Output Group A: Input Group A: Input Group A: Output Group A: Output 


Group B: Input Group B: Output Group B: Input Group B: Output 





Note: 1!/O is a bit not used as the control signal, but it is available as a port of mode O. 


Examples of the relation between the control words and pins when used in mode 1 is shown below: 
(a) When group A is mode 1 output and group B is mode 1 input. | 


Control word 


As all of PCg ~PC3 
bits become a control 
Selection of 1/0 pin in this case, this 
of PC4 and PCs bit is “Don’t Care”’. 
when not defined 
as a control pin. 


{; = Input 
O = Output 





Group A: Mode 1 output 
Group B: Mode 1 input 
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When group A is mode 1 input and group B is mode 1 output. 


Selection of !/O of PC6 
and PC7 when not de- 
fined as a control pin 


1 = Input 
O = Output 


STBA 
IBFa 
INTRA 


1/0 


OBFp 
ACKg 
INTRB 


3. Mode 2 (Strobe bidirectional bus 1/O operation) 


In mode 2, it is possible to transfer data in 2 direc- 
tions through a single 8-bit port. This operation is 
akin to a combination between input and output 

- operations. Port C waits for the control signal in this 
case, too. Mode 2 is available only for group A, 
however. 


Next, a description is made on mode 2. 
OBF (Output buffer full flag output) 


This signal when turned to low level indicates 
that data has been written to the internal out- 
put latch upon receipt of the WR signal from the 
CPU. At this time, port A is still in the high im- 
pedance status and the data is not yet output 
to the outside. This signal turns to low level at 
the rising edge of the WR and high level at the 
falling edge of the ACK. 


ACK (Acknowledge input) 


When a low level signal is input to this pin, the 
high impedance status of port A is cleared, the 
buffer is enabled, and the data written to the in- 
ternal output latch is output to port A. When the 
input returns to high level, port A is made into 
the high impedance status. 


Group A: Mode 1 input 
Group B: Mode 1 output 





STB (Strobe input) 


When this signal turns to low level, the data out- 
put to the port from the pin is fetched into the 
internal input latch. The data is output to the 
data bus upon receipt of the RD signal from the 
CPU, but it remains in the high impedance sta- 
tus until then. 


IBF (Input buffer full flag output) 
@ This signal when turned to high level indicates 


that data from the pin has been fetched into the 
input latch. This signal turns to high level at the 
falling edge of the STB and low level at the ris- 
ing edge of the RD. 


INTR (Interrupt request output) 
© This signal is used to interrupt the CPU and its 


operation in the same as in mode 1. There are 
two INTE flip-flops internally available for input 
and output to select either interrupt of input or 
output operation. The INTE1 is used to control 
the interrupt request for output operation and 
it can be reset by the bit set for PC6. INTE2 is 
used to control the interrupt request for the in- 
put operation and it can be set by the bit set for 
PC4. 
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- Mode 2 1/0 Operation . Port C Function Allocation in Mode 2 


Confirmed to the 
group B mode 





Following is an example of the relation between the 
control word and the pin when used in mode 2. 
When input in mode 2 for group A and in mode 1 
for group B. 





As all of 8 bits of port C be- 
come control pins in this 
case, D3 and DO bits are 
treated as ‘’Don’t Care’’. 





When group A is set to 
mode 2, this bit is 


treated as ‘'‘Don’t Care”. | : Sane See ; 
No 1/O specification is required 


for mode 2, since it is a bidirec- 
tional operation. This bit is 
therefore treated as ‘‘Don't Care’’. 


INTRA 


OBFa 
ACKa 
STB a 
IBF, 


STBB 


IBFpg | Group A: mode 2 
INTRB Group B: mode 1 input 
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4. When Group A is Different in Mode from Group B possible to set the one not defined as a control pin 
Group A and group B can be used by setting them in port C to both input and output as a port which 
in different modes each other at the same time. operates in mode O at the 3rd. and Oth bits of the 
When either group is set to mode1 or mode 2, it is control word. 


(Mode combinations that define no control bit at port C) 


. Sem Cc 
Group A roup B 
: eM 


output 
Mode 1 Mode 1 — 
| ST INTR IBF INTR 















Mode 1 Mode 1 —— 
INTR ACK INTR 
output input 
output output 
ets 
Controlled at the 3rd bit (D3) Controlled at the Oth bit (DO) 


of the control word of the control word 








_ When the I/O bit is set to input in this case, it is pos- The bit set/reset function can be used for all of 
sible to access data by the Hommal port C read PC3 ~ PCO bits. Note that the status of port C 


operation. varies according to the combination of modes like 
When set to output, PC7 ~ PC4 bits can be ac- this. 


cessed by the bit set/reset function only. 
Meanwhile, 3 bits from PC2 to PCO can be accessed 
by normal write operation. 
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5. Port C Status Read | bus status signal can be read out by reading the 
When port C is used for the control signal, that is, content of port C. 
in either mode 1 or mode 2, each control signal and The status read out is as follows: 














| caien | crowns ee read on a data ae 
POPES [mee [oe [oe fies fos nn ve [vo | 
© [ve mm| ve [ve | we 
raore [Bh | ve | ve | ve | ve |v we 
SCG c 
= [= [sf ms | 
re 
Cia 


Mode 1 Mode 1 
input inpyt 
Mode 1 Mode 1 
input output 





= 
° 
a 
© 
° 
3 
ze) 
ra 
- 


Mode 1 | Mode 1 
output input 
Mode 1 Mode 1 
cn ce INTRA | 0 | 







Mode 1 
INTE2 | INTRa | INTER IBFg INTRB 
Mode 1 
INTE2 ideo INTER | Bee | NTRS 


6. Reset of MSM82C55A becomes the input mode at a high level pulse above 
Be sure to keep the RESET signal at power ON in 500 ns. 
the high level at least for 50 us. Subsequently, it 


ita IBFa 


aE 
4 
m 


Note: 

After a write command is executed to the command register, the internal latch is cleared in PORTA PORTC. For 
instance, OOH is output at the beginning of a write command when the output port is assigned. However, if PORTB 
is not cleared at this time, PORTB is unstable. In other words, PORTB only outputs ineffective data (unstable value 
according to the device) during the period from after a write command is executed till the first data is written to 
PORTB. 
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OKI semiconductor 
MSM82C59A-2RS/GS/JS 


PROGRAMMABLE INTERRUPT CONTROLER 





GENERAL DESCRIPTION 


The MSM82C5Q9A-2 is a programmable interrupt controller for use in MSM80C85A/A-2 and MSM80C86/88 
microcomputer systems. 


Based on CMOS silicon gate technology, this device features an extremely low standby current of 100 nA 
(max.) in chip non-selective status. During interrupt control status, the power consumption is very low with only 
5 mA (max.) being required. 

Internally, the MSM82C59A-2 can control priority interrupts up to 8 levels, and can be expanded up to 64 
levels by cascade connection of a number of devices. 


FEATURES 
@ Silicon gate CMOS technology for high speed and low @ Programmable interrupt mode 
power consumption. @ Maskable interrupt 
e 3 V to 6 V single power supply © Automatically generated CALL code (85 mode) 
© 80C85A system compatibility e TTL compatible 
© 80C86/88 system compatibility (MAX5MHz) @ 28-pin plastic DIP (MSM82C59A-2RS) 
@ 8-level priority interrupt control (MAX8MHz) ® 32-pin plastic flat package (MSM82C59A-2GS) 
® Interrupt levels expandable up to 64 levels @ 28-pin PLCC Package (MSM82C59A-2JS) 


CIRCUIT CONFIGURATION 


DATA BUS 
BUFFER 


i INTERRUPT 
IN-SERVICE e PRIORITY REQUEST 


REGISTER 


on RESOLVER REGISTER 
: (IRR) 





CASCADE 
BUFFER/ 
COMPARA. 
TOR 


INTERRUPT MASK REGISTER (IMR) 


INTERNAL BUS (8 bit) 


MSM82C59A.-2 Internal block diagram 
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PIN CONNECTIONS 


MSM82C59A-2RS (top view) MSM82C59A.-2 GS (top view) MSM82C59 A-2JS (top view) 
28-pin lead plastic DIP 32-pin lead plastic flat package 28-pin plastic leaded chip carrier 


l2 |e 


160) SP/EN 


. NC: Not Connected 





ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings 










a Limit . 
periete>  « Symbel scbnditione 
MSM82C59A-2RS } MSM82C59A-2GS | MSM82C59A-2JS 


Input voltage | Vin [Respect to GND =0.5 ~ Vo, + 0.5 Pov | 
T ; Loe 










Output voltage _VoutT -0.5 ~ Veg + 0.5 


Operating Ranges 


Power supply voltage 
Operating temperatute 








Recommended Operating Conditions 


Power supply voltage Vcc 
Operating temperature Top 


“'L” level input voltage 





“H” level input voltage 
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DC Characteristics 


a 
Cf ea |v 


IOH = -2.5mMA 















‘44"’ level output voltage 


lon = -100 LA 


Input leak current yeas 9 
SVINS 

IR tnput leak current tor SN ee 

Output leak current OV<VouUTSVcc 


CS=Vcc, IR=Vcc 
ICCS ViL=OV, VIH=Vcc 


Vin=OV/Vcc 
AC Characteristics 


Ta = -40°C ~ +85°C, Vcc =5V +10% 


a oes a 
a 

ae eee 
RD/INTA pulse width TRLRH | 160 | | nS _| 


TAHWL 









Vcc=4.5V~5.5V 
Ta=-40°C~ +85°C 






















Standby power supply 
current 











Average operation power 
supply current 















Read INTA timing 


Address setup time (to WR) 


- Address hold time (after WR) 
WR pulse width 


EndofRDtoNextRD _ 
End of INTA to Next INTA 





Write timing 


INTA sequence 











Z| 3 a}3\a/2/z 
Ir a Nis -i=x 
D Ilo =|> 
om x|/xixrix 


Delay times 


360 


Note: Timing measured at VL = 0.8 V and VH = 2.2 V for both inputs and outputs. 


200 
200 





AC TEST CIRCUITS A.C. TESTING INPUT, OUTPUT WAVEFORM 


INPUT 
OUTPUT MIE OAM NOH 
15V 15V 
FROM VIL —0.4V VoL 
DEVICE UNDER TEST 
“INCLUDES STRAY AND 


JIG CAPACITANCE 


A.C. Testing: All input signals must switch between VIL—O.4V and 
VIH+0.4V. TR and Te must be less than or equal to 
15 ns. 


TEST CONDITION DEFINITION TABLE 
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TIME CHART 
Write Timing 


cs 


Address Bus 
AO 


Data Bus 





Read/INTA Timing 


TRLRH 


cS 


AO 


TRLDV 


Data Bus 





Other Timing 
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INTA Sequence (85 mode) 


Data Bus 


TCVIAL 


TCVDV 
CAS Address Bus A 


TIALCV 





INTA Sequence (86 mode) 





‘Data Bus 


CAS Address Bus / \ 
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PIN FUNCTION DESCRIPTION 





D7 ~ DO Bidirectional . eae This 3-state 8-bit bidirectional data bus is used in reading ates sta- 
data bus 


tus registers and writing command words through the RD/WR 
signal from the CPU, and also in reading the CALL instruc- 
tion code by the INTA signal from the CPU. _ 


cs Chip select Input Data transfer with the CPU is enabled by RD/WR when this pin is 

input at low level. The data bus (DO thru D7) is switched to high impe- 
dance when the pin is at high level. Note that CS does not effect 
INTA. 


Read input Input Data is transferred from the 82C59A to the CPU when this pin is 
at low level. IRR (Interrupt Request Register), ISR (In-Service 
Register), IMR (Interrupt Mask Register), or a Poll word is | 
selected by OCW3 and AO. ~ 


Write input Input Commands are transferred from the CPU to the 82C59A when 
this pin is at low level. 








AO _ | Address input Input This pin is used together with the CS, WR, and RD signals to 
write commands in the command registers, and to select and read 
status registers. This is normally connected to the least significant 
bit of the address bus. (AO for 80C85A, and A1 for 80C86/88). 


Cascade address | Input/output| These pins are outputs when the 82C59A is used as the 
master, and inputs when used as a slave (in cascade mode). 
These pins are inputs when in single mode. 






Slave program Input/output| This dual function pin is used as an output to enable the data bus 
input/enable buffer in Buffered mode, and as an input for deciding whether 
buffer output the 82C59A is to be master (SP/EN = = 1) or a slave SPE = 0) 
during Non-buffered mode. 





Interrupt Output When an interrupt request is made to the 82C59A, the INT 
output is switched to high level, and INT interrupt is sent to 
eae the CPU 


Interrupt 
acknowledge 
input 








Input When this pin is at low level, the CALL instruction code or 
the interrupt vector data is enabled onto the data bus. When 
the CPU acknowledges the INT Interrupt, INTA is sent to the 
82C59A. (Interrupt acknowledge sequence). 









These interrupt request input pins for the 82C59A can be set 
to edge trigger mode or level trigger mode (by ICW1). In edge 
trigger mode, interrupt request is executed by the rising edge 
of the IR input and holds it until that input is acknowledged 
by the CPU. In level trigger mode, interrupt requests are ex- 
ecuted by high level IR inputs and holds them until that input 
is acknowledged by the CPU. These pins have a pull up 
resistor. 





Interrupt 
request input 
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SYSTEM INTERFACE 


Address bus 


Control bus 


Data bus 


BESS0 


{| 
R 


( ) 
cs AO D7~DO RD WR INT INTA 


CASO 


Cascade MSM82C59A-2 
Address bus ene 


CAS2 | 
SP/EN 0 


Slave 


Program/ SSS SS SSS 


Enable Buffer 
Interrupt Requests 





BASIC OPERATION DESCRIPTION 


Data transfers between the 82C59A internal registers and the data bus are listed below. 


[aoe [oo [RO WRT [ Foeion (Option 
refx ]* fe]: [eo | mnnaronoe-omee id 
EacaKe 
refepe 
Pete fs fe 
ae 
Es 
Enc 









x< 
x 


ce Se 
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devices. Selection of priority mode involves program 
execution, and enables the method of requesting inter- 
rupts to be processed by the 82C59A to be suitably 
configured for system requirements. That is, the priority 
-mode can be dynamically updated or reconfigured 
during the main program at any time. A complete inter- 
rupt structure can be defined as required, based on the 
entire system environment. 


OPERATION DESCRIPTION 


_ The 82C59A has been designed for real time in- 
terrupt driven microcomputer systems. The 82C59A is 
capable of handling up to 8 levels of interrupt requests, 
and can be expanded to cover a maximum of 64 levels 
when connected to other 82C59A devices. 


Programming involves the use of system software 


in the same way as other microcomputer peripheral I/O 


(1) Functional Description of Each Block 











Priority resolver 


Read/write logic 


Cascade buffer comparator 


IR input line interrupts are processed by a cascaded interrupt request register 
(IRR) and the in-service register (ISR). The IRR stores all request levels where 
interrupt service is requested, and the ISR stores all interrupt levels being 


serviced. 





INTA pulses. 


(2) Interrupt Sequence 
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The major features of the 82C59A used in 
microcomputer systems are the programmability 
and the addressing capability of interrupt routines. 
This latter feature enables direct or indirect jump- 
ing to specific interrupt routines without polling 
the interrupt devices. The operational sequence 
during an interrupt varies for different CPUs. 

The procedure for the 85 system (8085A/80C85A) 
is outlined below. 

(i) One or more interrupt requests (IRO thru 
1R7) becomes high, and the corresponding 
IRR bit is set. 

(ii) The 82C59A evaluates these requests, and 
sends an INT signal to the CPU if the request 
is judged to be suitable. 

(iii) The CPU issues an INTA output pulse upon 
reception of the INT signal. 

(iv) Upon reception of the INTA signal from the 
CPU, the 82C59A releases the CALL instruc- 
tion code (11001101) to the 8-bit data bus. 








(v) A further two INTA pulses are then sent to | 


the 82C59A from the CPU by this CALL 
instruction. 


This logic block determines the priority level of the bits set in the IRR. The 
highest priority level is selected, and the corresponding ISR bit is set during 


This block is capable of receiving commands from the CPU. These command 
words (ICW) and the operation command words (OCW) store the various 
control formats for 82C59A operations. This block is also used to transfer 
the status of the 82C59A to the Data Bus. 


This functional block is involved in the output and comparison of all 82C59A 
IDs used in the system. These three 1/O pins (CASO thru CAS2) are outputs 
when the 82C59A operates as a master, and inputs when it operates as a slave. 
When operating as a master, the 82C59A sends a slave ID output to the slave 
where an interrupt has been applied. 

Furthermore, the selected slave sends the preprogrammed subroutine address 
onto the data bus during next one or two INTA pulses from the CPU. 





















(vi) These two INTA pulses result in a prepro- 
grammed subroutine address being sent from 
the 82C59A to the data bus. The lower 8- 
bit address is released by the first INTA pulse, 
and the higher 8-bit address is released by the 
second pulse. 

The Falling Edge of the second INTA signal 
sets the ISR bit with the highest priority, and 
the Rising Edge of it resets the IRR bit. 

(vii) 3-byte CALL instructions are thus released © 
by the 82C59A. In Automatic End Of Inter- 
rupt (AEOI) mode, the ISR bit is reset at the 
end of the third INTA pulse. In other cases, 
the ISR bit remains set until reception of a 
suitable EOI command at the end of the inter- 
rupt routine. 

The procedure for the 86 system (80C86/88) is 

identical to the first three steps of the 85 system. 

The subsequent steps are described below. 

(iv) Upon reception of the INTA signal from the 
CPU, the ISR bit with the highest priority is 
set, and the corresponding IRR bit is reset. 
In this cycle, the 82C59A sets the data bus to 
high impedance without driving the Data Bus. 








(v) The CPU generates a second INTA output 
pulse, resulting in an 8-bit pointer to the 
data bus by the 82C59A. 

The Falling Edge of the INTA signal sets the 
JSR bit with the highest priority, and the 
Rising Edge of it resets the IRR bit. 

(vi) This completes the interrupt cycle. In AEOI 
mode, the ISR bit is reset at the end of the 
second INTA pulse. In other cases, the ISR 
bit remains set until reception of a suitable 
EOI command at the end of the interrupt 
routine. | 

If the interrupt request is cancelled prior to step 
(iv), that is, before the first INTA pulse has been 
received, the 82C59A operates as if a level 7 inter- 
rupt has been received, and the vector byte and 
CAS line operate as if a level 7 interrupt has been 
requested. 


(3) tnterrupt Sequence Output 
85 Mode (80C85A) 
The sequence in this case consists of three INTA 
pulses. A CALL operation code is released to the 
data bus by the first INTA pulse. 
Contents of the first interrupt 
vector byte 
CALL code 





The lower address of the interrupt service routine 
is released to the data bus by the second INTA 
pulse. If AS ~ AZ is programmed with an address 
interval of 4, AO ~ A4, is automatically inserted. 
And if A6 and A7 are programmed at an address 
interval of 8, AO ~ A5 is automatically inserted. 


Contents of the second interrupt vector byte 
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The higher address of the interrupt service routine 
programmed by the second byte (A8 ~ A15) of 
the initialization sequence is released to the data 
bus. 


Contents of the third interrupt 
vector byte 





pope sno [as 


86 Mode, (80C86/88) 

Apart from the two interrupt acknowledge cycles 
and the absence of a CALL operation code, the 86 
mode is the same as the 85 mode. The first INTA 
cycle freezes interrupt status to resolve the 
priority internally in the same way as in 85 made. 


When the device is used as a master, an interrupt 


code is issued to the cascade line at the end of the 
INTA pulse. During this first cycle, the data bus 
buffer is kept at high impedance without any data 
to the CPU. During the second INTA cycle, the 
82C59A sends a byte of interrupt code to the CPU. 
Note that in 86 mode, the Address Interval (AD!) 
control status is ignored and A5 ~ A110 is not used. 
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Contents of interrupt vector byte in 
| 86 system mode 
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(4) Programming the 82C59A 

The 82C59A receives two types of command 

words generaed by the CPU. 

(i) Initialization Command Words (ICW1 thru 
Icw4) 
Before commencing normal operations, each 
82C59A in the system must be initialized by 
two to four WR pulse sequence. 


NO (1C4=0) IS ICW4 
NEEDED? 


YES (1C4=1) 


Interrupt request re- 
ception preparations 
completed 


Initialization sequence 
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(5) 


(ii) 





Operation Command Words (OCW1 thru 
OCW3) 

These commands are used in operating the 
82C59A in the following modes. 

a. Fully Nested Mode 

b. Rotating Priority Mode 

c. Special Mask Mode 

d. Polled Mode 

The OCW can be written into the 82C59A 
any time after initialization has been com- 
pleted. 


Initialization Command Words (ICW1 thru ICW4) 
When a command is issued with D4 = 1 and AO 
= 0, it is always regarded as an Initialization Com- 
mand Word 1 (ICW1). Starting of the initialization 
sequence by ICW1 results in automatic execution 
of the following steps. 


a. 


The edge sense circuit is reset, and a low to 
high transition is necessary to generate an 
interrupt. 

The interrupt mask register is cleared. 

The IR7 input is assigned priority 7 (lowest 
priority) | 

Slave mode address is set to 7. 

The Special Mask Mode is cleared, and the 
Status Read is set to IRR. 

All 1CW4 functions are cleared if IC4 = 0, re- 


. sulting in a change to Non-Buffered mode, 


no-Auto EOI, and 85 mode. 


Note: Master/slave in |CW4 can only be used in 


(i) 


buffered mode. 


Initialization Command Words 1 and 2 
(ICW1 and ICW2) 
A4thru (Starting address of interrupt 
A15: service routines) 
in 85 mode, 8 request levels CALL 
8 locations at equivalent intervals in 
the memory. The memory location 
interval can be set at this stage to 4 
or 8by program. (— ADI) Hence, 
either 32 or 64 bytes/page_ re- 
spectively are used in the 8 
routines. 
The address format is 2 bytes long 


(AO thru A115). When the routine 
interval is 4, AO thru A4 is inserted 
automatically by the 82C59A, and 
A5 thru A15 is programmed extern- 
ally. When the interval is 8, on the 
other hand, AO thru A5 are inserted 
‘automatically by the 82C59A, and 
-A6 thru A15 are programmed ex- 
ternally. In 86 mode, T3 thru T7 
are inserted in the 5 most signifi- 
cant bits of the vector type, and the 
82C59A sets the 3 least signifi- 
cant bits according to the interrupt 
level. AO thru A10 are ignored, and 
the ADI (address interval) has no 
effect. 


(ii) 





LTIM: The 82C59A is operated in level 


triggered mode when LTIM = 1, 
and the interrupt input edge cir- 
cuit becomes disabled. 


ADI: Designation of the CALL address 


interval. Interval = 4 when ADI = 1, 
and interval = 8 when ADI = 0. 


SNGL: SNGL = 11 indicates the existence of 


only one 82C59A in the system. 
ICW3 is not required when SNGL 
=1, 


1C4: ICW4 is required when this bit is 


set, but not required when IC4 = 0. 


Initialization Command Word 3 (ICW3) 

This command word is written when there is 
more than one 82C59A used in cascade con- 
nections in the system, and is loaded into an 
8-bit slave register. The functions of this slave 
register are listed below. 


a. 


In a master mode system (BUF = 1 and M/ 
S = 1 in ICW4 or SP/EN = 1). “1” is set in 
each bit where a slave has been con- 
nected. 

in 85 mode, the master 82C59A releases 
byte 1 of the CALL sequence to enable the 
corresponding slave to release byte 2 or 
3 (only byte 2 in 86 mode) through the 
cascade line. 
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b. 


in slave mode (BUF = 1 and M/S = 0 in 
ICW4 or SP/EN = 0). Bits O thru 2 identi- 
fy the slave. The slave compares these 
bits with the cascade input, and releases 
bytes 2 and 3 of the CALL sequence (only 
byte 2 in 86 mode) if a matching result is 
obtained. 


Initialization Command Word 4 (1CW4) 
SFNM: Special Fully Nested Mode is pro- 


grammed when SFNM = 1. 


BUF: Buffered mode is programmed 


when BUF = 1. In Buffered mode, 
SP/EN is an output, and Master/ 
slave is selected by the M/S bit. 


M/s: If buffered mode is selected, the 


82C59A is programmed as the 
master when M/S = 1, and as a slave 
when M/S = 0. M/S is ignored, how- 
ever, when BUF = 0. 


AEOI: Automatic End Of Interrupt mode 


is programmed by AEOI = 1. 


PM: (Microprocessor mode) 


The 82C59A is set to 85 system 
operation when uPM = 0, and to 86 
system operation when uw PM = 1. 
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| ao | 07 | 06 | 05 | v4 | 03 | 02 | or | oo | 
mM [oe [a7 | as [as [1 [erm] aor [snot | ica | 


i aa 1: ICW4 required | 
_ 0: ICW4 not required 
1: Single 
0: Cascade 
CALL address interval 


1: Interval = 4 
0: Interval = 8 


1: Level triggered mode 
0: Edge triggered mode 
Interrupt vector address A5 thru A7 
(Valid only in 85 mode) 









Interrupt vector address A8 thru A15 
(85 mode) 

Interrupt vector address T3 thru T7 
(86 mode) 







iCW3 
(master) 


ICW3 
(slave) 





Note: Slave ID indicates the IR input of the correspond- 
ing master. 


1: 
0: 85 mode 


1: Automatic EOI mode 
0: Normal EO! mode 


zs Non-buffered mode | Note: X denotes not specified 


86 mode 





Buffered mode (slave) 


Buffered mode (master) . 


1: Special Fully Nested mode 
0: Not Special Fully Nested mode 


Initialization Command Words (ICW1 thru ICW4) 
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(6) Operation Command Words (OCW1 thru OCW3) 
When Initialization Command Words (ICW) are 
programmed in the 82C59A, the interrupt input 

- line is ready to receive interrupt requests. The 
Operation Command Words (OCWs) enable the 
82C59A to be operated in various modes while the 
device is in operation. 

(i) Operation Command Word 1 (OCW1) 
-OCW1 sets and resets the mask bits of the 
Interrupt Mask Register (IMR). MO thru M7 
represent 8 mask bits. The channel is 
masked when M = 1, but is enabled when 
M = O. 
(ii) Operation Command Word 2 (OCW2) 
R, SL, The Priority Rotation and the End 
EOI: of Interrupt mode plus combina- 
tions of the two are controlled by 
combinations of these 3 bits. These 


Non-Specific EOI command 
Specific EO! commana | 
Rotate on Non-Specific EO! command 
Rotate in Automatic EO! mode (set) 


combinations are listed in the 
operation command word format 


table. 
L2,L1, These bits indicate the specified 
LO: interrupt level when SL = 1. 


(iii) Operation Command Word 3 (OCW3) 

ESMM: This’ enables the Special Mask 
Mode. The special mask mode can 
be set and reset by the SMM bit 
when ESMM = 1. The SMM bit is 
ignored when ESMM = 0. 

SMM: (Special Mask Mode) 

The 82C59A is set to Special Mask 
Mode when ESMM = 1 and SMM = 
1, and is returned to normal mask 
mode when ESMM = 1 and SMM = 
0. SMM is ignored when ESMM = 0. 


) 


Interrupt Mask 
1: Mast set 
0: Mask reset 


Active IR level 


ol 1{2{3[ 4/5] 6] 7 
0} 4} 0} 1] 0] sfol a} 
fof ol a] 4] 


End of Interrupt 
(Note) : 








Automatic Rotation 


Rotate in Automatic EO! mode (clear) 


Rotate on Specific EOI command (Note) 


Set Priority command 


No operation 


Operation Command Words (OCW 1 thru OCW3) 





Specific Rotation 
(Note) 


Polling 
1: Poll comrhand 
0: No-poll command 
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(7) 


(8) 


(9) 
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Fully Nested Mode 

As long as the 82C59A has not been programmed 
to another mode, this Fully Nested mode is set 
automatically after initialization. The interrupt 
requests are ordered in priority sequentially from 
O to 7 (where O represents highest priority). If an 
interrupt is then requested and is acknowledged 


highest priority, a corresponding vector address is 


released, and the corresponding bit in the in-service 
register (ISR) is set. The 1S bit remains set until an 
End of Interrupt (EO!) command is issued from 
the microprocessor before returning from the inter- 
rupt service routine, or until the rising edge of the 
last INTA pulse arrives when the AEO! bit has 
been set. 

When the IS bit is set, interrupts of the same or 
lower priority are inhibited - only interrupts of 
higher priority can be generated. In this case, inter- 
rupts can be ackowledged ‘only when the internal 
interrupt enable F/F in the microprocessor has 
been enabled again through software. Following 
the initialization sequence, IRO has the highest 
priority, and IR7 has the lowest. This priority can 
be changed by rotating priority mode in OCW2. 





End of Interrupt (EOI) 

When the AEOI! bit in ICW4.is set, the in-service 
(IS) bit is automatically reset by the rising edge of 
the last INTA pulse, or else is reset only when an 
EOI command is issued to the 82C59A prior to 
returning from the interrupt service routine. 

And in cascade mode, the EOI command must be 
issued twice - once for the master, and once for the 
corresponding slave. . 

EOI commands are classified into specific EOI 
commands and Non-Specific EO! commands. 
When the 82C59A is operated in Fully Nested 
mode, the IS bit to be reset can be determined on 
EOI. If the Non-Specific EO] command is issued, 
the highest IS bit of those that are set is reset au- 
tomatically, because the highest IS level is always 
the last servicing level in the Fully Nested mode. 


If, however, it is not in the fully Nested mode, the | 
_82C59A will no longer be able to determine the 


last acknowledged level. In this case, it will be 
necessary to issue a Specific EOI which includes 
the IS level to be reset as part of the command. 
When the 82C59A is in Special Mask mode, care 
must be taken to ensure that IS bits masked by 
the IMR bit can not reset by the Non-Specific EOI. 


Automatic End of Interrupt (AEO!) Mode 
When AEOI = 1 in ICW4, the 82C59A continues to 


’ operate in AEOI!I mode until programmed again by 


ICW4. In this mode, the 82C59A automatically 
performs Non-Specific EO! operation at the rising 
edge of the last INTA pulse (the third pulse in 85 
systems, and the second pulse in 86 systems). In 
terms of systems, this mode is best used in nested 
multiple level interrupt configurations. It is not 
necessary when there is only one 82C59A. AEOI 
mode is only used in a master 82C59A device, not 
in a slave. 


(10) 


IS status 


Priority status 


1S status 


Priority status 


ay 
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-OCW2). 
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Automatic Rotation (Devices with Equal Priority) 
in some applications, there is often a number of 
devices with equal priority. In this mode, the 
device where an interrupt service has just been 
completed ‘is set to the lowest: priority. At worst, 
therefore, a particular interrupt request device may 
have to wait for seven other devices to be serviced 
at least once each. There are two methods for 
Automatic Rotation using OCW2 - Rotation on 
Non-Specific EO! command, ‘and Rotation in 
Automatic EO! mode. 


Before Rotation (IR4 the highest priority request- 
ing service) 





Lowest Highest 


After Rotation (IR4 was serviced, all other priori- 
ties rotated correspondingly) 





Specific Rotation (Specific Priority) 

All priority levels can be changed by programming 
the lowest priority level (Set Priority Command in 
For example, if IR5 is programmed as the . 
device of lowest priority, IR6 will have the highest 
priority. In this mode, the internal status can be 
updated during OCW2 by software control. This is 
unrelated, however, to the EO! command in the 
same OCW2. 

Priority level can also be changed by using the 
OCW2 Rotate On Specific EO! command. 


Interrupt Mask 

Interrupt inputs can be nankes individually by 
Interrupt Mask Registers (IMR) programmed 
through the OCW1. Each interrupt channel is 
masked (disabled) when the respective IMR bit is 


‘set to ’’1’’. IRO is masked by bit 0, and !R1 is 


masked by bit 1. Masking of any particular channel 
has no effect on other channels. 


elds 1/0. MSMB2C59A-2RS/GS/JS 


(13) 


(14) 


Poll word 


WO thru W2: 


(15) 


Special Mask Mode 

In some applications, there is a need for dynamic 
updating of the system’s priority level structure by 
software contro! during execution of an interrupt 
service routine. For example, it may be necessary 
to inhibit the lower priority requests for part of 
the execution of a certain routine while enabling 
for another part. In this case, it is difficult to ena- 
ble all lower priority requests if the IS bit has not 
yet been reset by the EOI command after an in- 
terrupt request has been acknowledged (during 
execution of a service routine). All of these re- 
quests would normally be disabled. 


Hence the use of the Special Mask mode. When a 
mask bit is set by OCW1 in this mode, the 
corresponding interrupt level requests are disabled. 
And all other unmasked level requests (at both 
higher and lower priority levels) are enabled. In- 
terrupts can thus be enabled selectively by load- 
ing the mask register. 

In this mode, the specific EO! Command should 
be used. 

This Special Mask mode is set by OCW3 ESMM = 1 
and SMM = 1, and reset by ESMM = 1 and SMM = 
0. 


POLL Command 

in this mode, the INT output in not used, the in- 
ternal interrupt enable F/F of the microprocessor 
is reset, and interrupt inputs are disabled. Servic- 
ing the I/O device is executed by software using 
the Poll command. — 


The Poll command is issued by setting P in OCW3 
to ‘1. The 82C59A regards the next RD pulse as 
reception of an interrupt, and if there is a request, 
the corresponding IS bit is set and the priority level 
is read out. Interrupts are frozen between WR and 
RD. 





Binary coded highest priority level of 
service being requested. 
1: Set to ’1’’ when there is an interrupt. 


This mode is useful when there is a common 
routine for a number of levels, and the INTA 
sequence is not required. ROM space can thus be 
saved. 


Reading 82C59A Status 

The status of a number of internal registers can be 
read out for updating user information on the 
system. The following registers can be read by 
means of OCW3 (IRR and ISR) and OCW1 (IMR). 
a. IRR: (Interrupt Request Register) 8-bit 
register for storing interrupt requesting 
levels. 

(In-Service Register) 8-bit register for 
storing priority levels being serviced. 


b. ISR: 





c. IMR: (Interrupt Mask Register) 8-bit register 
for storing interrupt request lines to be 
masked. 

The IRR can be read when a Read Register Com- 

mand is issued with OCW3 (RR = 1 and RIS = 0) 

prior to the RD pulse, and the ISR can be read 

when a Read Register Command is issued with 

OCW3 (RR = 1 and RIS = 1) prior to the RD pulse. 

And as long as the read status does not ‘change, 

OCWS3 is not required each time before the status is 

read. This is because the 82C59A remembers 

whether IRR or ISR was selected by the previous 

OCWS. But this is not true when poll is used. 

The 82C59A is set to IRR after initialization. 

OCW3 is not required to read IMR. IMR is issued 

to the data bus if RD = 0 and AO = 1 (OCW1). 

Reading status is disabled by polling when P = 1 

and RR = 1 in OCWS. 


(16) Edge and Level Trigger Mode 


This mode is programmed by using bit 3 (LTIM) 
in ICW1. When LTIM = O, the interrupt request is 
recognized by the !R input transition from Low to 
High. As long as the IR input is kept at High, no 
other interrupt is generated. Since interrupt re- 
quests are recognized by the IR input ’’H”’ level 
when LTIM = 1, edge detection is not required. 


The interrupt request must be cancelled before 
output of the EO! command, and before the inter- 
rupt is enabled in order to prevent the generation 
of a second interrupt by the CPU. 

The !R input must be held at High level until the 
falling edge of the first INTA pulse, irrespective of 
whether edge sense or level sense is employed. If 
the IR input is switched to Low level before the 
first INTA pulse, the default |R7 is generated when 
the interrupt is acknowledged by the CPU. This 
can be an effective safeguard to be adopted to 
detect interrupts generated by the noise glitches on 
the IR inputs. To take advantage of this feature, 
the IR7 routine is used as a “clean up” routine 
where the routine is simply executing a return in- 
struction and the interrupt is subsequently ig- 
nored. When the IR7 is required for other 
purposes, the default IR7 can be detected by read- 
ing the ISR. Although correct IR7 interrupts in- 
volve setting of the corresponding !SR bit, the 
default IR7 is not set. 


{R7 routine 


(IR noise 


detection) 
Yes 


IR7 service 
processing 


RETURN 
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(17) Special Fully Nested Mode 


This mode is used in large systems where the cas- 


cade mode is used and the respective Interrupt - 


Requests within each slave have to be given priori- 
ty levels. In this case, the Special Fully Nested 
mode is programmed to the master by using 
ICW4. This. mode is practically identical to the 
normal Fully Nested mode, but differs in the 
following two respects. 


a. When an interrupt request is received from a 


particular slave during servicing, a new interrupt 
request from an IR with a higher priority level 
than the interrupt level of the slave being servic- 
ed is recognized by the master and the interrupt 
is applied to the processor without the master 
priority logic being inhibited by the slave. In 
normal Fully Nested mode, if the request is in 
service, a slave is masked and no other requests 
can be recognized from the same slave. 

b. When exiting from an interrupt service routine, 
it is first necessary to check whether or ndt the 
interrupt which has just been serviced by soft- 
ware was the only interrupt from that slave. 
This is done by sending a Non-Specific EO! 
command to that slave, followed by reading of 
the In-Service Register (ISR) to see whether 
that register has become all ’0’. A Non-Specific 
EO! is sent to the master too if the ISR is 
empty, and if not no EO! should be sent. 


(18) Buffered Mode 
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Control for buffer enabling is required when the 
82C59A is used in a large system where adata bus 
drive buffer is needed and cascade mode is used. 
When buffered mode is selected, the 82C59A sends 
an enable signal on the SP/EN pin to enable the 
buffer. In this mode, the SP/EN output always be- 
comes active while the 82C59A’s data bus output 


' is enabled. Therefore, the 82C59A requires pro- 


gramming to enable it to distinguish master from 
slave. Buffered mode is programmed by bit 3 in 
ICW4, and the ability to distinguish master from 
slave is programmed by bit 2 in ICW4. 
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(19) Cascade Mode 


To enable the 82C59A to handle up to 64 priority 
levels, a maximum of 8 slaves can be easily con- 
nected to one master device. 

The master controls the slaves through three 
cascade lines, the cascade bus executes like a slave 
chip select during the INTA sequence. 

In cascade configuration, slave interrupt outputs 
(INT) are connected to master interrupt request 
inputs (IR). When a slave 1R becomes active and 
is acknowledged, the master enables the cor- 
responding slave to release the routine address for 
that device during bytes 2 and 3 (only byte 2 in 
86 mode) of the INTA sequence. 


The cascade bus line is normally kept at low lev- 
el, and holds the slave address during the period 
from the rising edge of the first INTA pulse up to 
the rising edge of the third INTA pulse (or me se- 
cond INTA pulse in 86 mode). 

Each 82C59A device in the system can operate 
in different modes in accordance with their initiali- 
zation sequences. EOI commands must be issued 
twice, once for the master once for the cor- 
responding slave. Each 82C59A requires an ad- 
dress decoder to activate the respective chip 
select (CS) inputs. 
Since the cascade line is normally kept at low level, 
note that slaves must be connected to the master 
1RO only after all slaves have been connected to 
the other IRs. 








SE 


Address bus 











Data bus 


UU =r i 







C ) 
CS AO DO-7 INTA CS AO DO-7 INTA CS AO DO-7 INTA 




















CASO-2 g9c59A-2 
Cl SP/EN (Master) | 





82C59A-2 CASO-2 
SP/EN (Slave) INT 


6 5 43 2 1 0 M7 M6 M5 M4 M3 M2 M1 MO 


765 43 2 1 «0 7 6 5 43 2 1 «0 7 5 4 2 1 0O-| 


82C59A-2. CASO-2 
SP/EN (Slave) INT 


765 43 21 0 

























Interrupt requests 


82C59A-2 cascade connections 
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MSM82C84ARS/GS _ 





CLOCK GENERATOR AND DRIVER 





GENERAL DESCRIPTION 


The MSM82C84ARS/GS is a clock generator designed to generate MSM80C86 and MSM80C88 system clocks. 
Due to the use of silicon gate CMOS technology, standby current is only 100uA (MAX.), and the power con- 
sumption is very low with 10 mA (MAX.) when a 5 MHz clock is generated. 


FEATURES 


e@ Operating frequency of 6 to 15 MHz (CLK output 2 
to 5 MHz) 

@ 34 silicon gate CMOS technology for low power con- 
sumption 

@ Built-in crystal oscillator circuit 

- @©3V ~ BV single power supply 


FUNCTIONAL BLOCK DIAGRAM 


SCILLATOR 


X1 nl CRYSTAL 
x2 O 
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@ Built-in. synchronized circuit for MSM80C86 and 
MSM80C88 READY and RESET 

@ TTL compatible 

@ Built-in Schmitt trigger circuit (RES input) 

e 18-pin DIP (MSM82C84ARS). 

@ 24-pin flat package (MSM82C84AGS) 








/(O-MSM82C84ARS/GS 


PIN CONFIGURATION 


18 Lead Plastic DIP 








24 Lead Plastic Flat Package 


CSYNCL1O Vcc 


PCLKK 2 x1 


N-CC—— 3 X2 
AEN1C_____] 4 N-C 
RDY10— 5 ASYNC 

READY (| 6 EFI 

N-C 7 N-C 
RDY2C—_]8 | F/C 
AEN2C____ 9 OSC 

N-CC——10 N-C 

cLK C11 RES 


GNDL____ 412 RESET 


(N-C not connected) 
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ABSOLUTE MAXIMUM RATINGS 


ora 
Parameter Symbol 
| MSM82C84ARS_ | MSM82C84AGS | 


ae ev Ee 
Input Voltage cea -0.5 ~ Vcc +0.5 Respect to GND 









| Output Voltage . VOUT -0.5 ~ Vcc +0.5 — 





OPERATING RANGES 


Operating Temperature -40 ~ +85 










RECOMMENDED. OPERATING CONDITIONS 


fsyView Wen 
operating Temperature dT 


“H"’ Level Input Voltage (except RES) . ft 
Vcc +0.3 V 
“H'' Level Input Voltage (RES) oa 


DC CHARACTERISTICS 


“L" Level Output Voltage co lo, = 5mA 
“H"' Level Output Voltage 3. lIoH =-imA 









x1 > Vee -0.2V 
X2 $0.2V 
F/C 2 Vcc -0.2V 
Vin 2 Vcc -0.2V 
Vit £0.2V 
Input frequency 
15 MHz 


Output load capacitance 
Cy = OpF 


Operating Supply Current © 
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AC CHARACTERISTICS 
(Voc = 5V +10%, Ta = -40 ~ 85°C) 


(1) 


Parameter 


EF! ‘’H’’ Pulse Width tEHEL 
EFI ‘’L’’ Pulse Width tELEH 


EF! Cycle Time tELEL 
Crystal Oscillator Frequency 


Set Up Time of RDY1 or RDY2 to : 

CLK Falling Edge (Active) RIVCL 
Set Up Time of RDY1 or RDY2 to ; 

CLK Rising Edge (Active) RIVCH 
Set Up Time of RDY1 or RDY2 to : 

CLK Falling Edge (Inactive) RIVCL 
Hold Time of RDY1 or RDY2 to oe 

CLK Falling Edge CLRIX 
Set Up Time of ASYNC to CLK : 

Falling Edge AYVCL 
Hold Time of ASYNC to CLK t 

Falling Edge CLAYX 
Set Up Time of AEN1 (AEN2) to beatae 
RDY1 (RDY2) Rising Edge AIRIV 


Hold Time of AEN1 (AEN2) to : 
CLK Falling Edge . CLA1X 


Set Up Time of CSYNC to EFI ‘ 
Rising Edge YHEH 
Hold Time of CSYNC to EFI Rising ; 


CSYNC Pulse Width tvHyL | 2* tELEL 


Set Up Time of RES to CLK Falling . eau 65 
Edge IVHCL 
Hoid Time of RES to CLK Falling _ : 5 
Edge CLI1H 


Input Rising Edge Time tILIH 
Input Falling Edge Time TIHIL 


Note: Parameters where timing has not been indicated in the above table are measured at V_ = 1.5V and Vy = 1.5V 
for both inputs and outputs. 





= 


AX 


90%—90% 
10%—10% 


ASYNC 
= High 
ASYNC 
= Low 


Symbol Unit 









© 


2 


© 


35 





35 





35 








Output load 
capacitance 


CLK output 
C, = 100pF 





Others 30pF 


2 


© 


20 


NO 
©) 
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AC CHARACTERISTICS 
(Vcc = 5V +10%, Ta = -40 ~ 85°C) 


(2) 


CLK Cycle Time | 
CLK “H”’ Pulse Width . 
CLK “L” Pulse Width : | 


CLK Rising and Falling Edge Times 'CH1CH2 
mee tCL2CL1 

PCLK “‘H” Pulse Width tPpHPL 

PCLK “'L"” Pulse Width tPLPH 


Time from READY Falling Edge to ' | 
CLK Falling Edge RYLCL Output load > 


Time from READY Rising Edge to 


capacitance 


Delay from CLK Falling Edge to ; Cy = 100pF 
RESET Falling Edge CLIL Sauce 
Delay from CLK Falling Edge to ; | 
PCLK Rising Edge CLPH 

Delay from CLK Falling Edge to . ; 

PCLK Falling Edge CLPL 

Delay from OSC Falling Edge to CLK ; 

Rising Edge OLCH 

Delay from OSC Falling Edge to CLK ; 

Falling Edge OLCL 

Output Rising Edge Time (Except re 0.8V~2.2V 
CLK) 

‘Output Falling Edge Time (Except a 

CLK) | tOHOL 2.2V~0.8V 


Note: Parameters where timing has not been indicated in the above table are measured at V;_ = 1.5V and Vy = 1.5V 
_ for both inputs and outputs. 


CLK Rising Edge CLK output 
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PIN DESCRIPTION 


. Input/ sth 


CSYNC. Clock Input Synchronizing signal for output of in-phase CLK signals when more 
synchronization than one MSM82C84A is used. 

signal The internal counter is reset when this signal is at high level, and a 

high level CLK output is generated. The internal counter is, sub- 

sequently activated and a 33% duty CLK output is generated when 


this signal is switched to low level. 

When this signal is used, external synchronization of EFI is necessary. 
When the internal oscillator is used, it is necessary for this pin to 
be kept to be low level. 


Peripheral clock Output | This peripheral circuit clock signal is output in a 50% duty cycle at 
output a frequency half that of the clock signal. 


AEN1 Address enable Input The AEN1 signa! enables RDY1, and the AEN2 signal enables RDY 2. 


signals The respective RDY inputs are activated when the level applied to 
these pins is low. 
to low level in the case of not using multi-master systems. 
Bus ready signals Input 
The relevant RDY input is enabled only when the corresponding AEN 
is at low level. 
nected to the CPU system data bus. The output waveform is gener- 
ated in a 33% duty cycle at a frequency 1/3 the oscillating frequency 
Reset in Input 
Since a Schmitt trigger is included in the input circuit for this signal, 
“‘power on resetting’ can be achieved by connection of a simple RC 
circuit. ; 
RESET This signal is obtained by CLK synchronization of the input signal 
X1, X2 Crystal oscillator | Input 
connecting pins 
OSC Crystal resonator | Output 
output 











°) 
O 
i 
A 5 


















Completion of data bus reading and writing by the device connected 
to the system data bus is indicated when one of these signals is 
switched to high level. 
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O 
m- 
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This signal selects the fundamental signal for generation of the CLK sig- 
nal. The CLK is generated from the crystal oscillator output when this 
signal is at low level, and from the EFI input signal when at high level. 












Although two separate inputs are used in multi-master systems, only 
the AEN which enables the RDY input to be used is to be switched 

READY Ready output Output | This signal is obtained by synchronizing the bus ready signal with 
CLK. 
This signal is output after guaranteeing the hold time for the CPU in 
phase with the RDY input. 

Clock output Output | This signal is the clock used by the CPU and peripheral devices con- 
of the crystal oscillator connected to the X1 and X2 pins, or at a 
frequency 1/3 the EF! input frequency. 
applied to RES and is output in opposite phase to the RES input. 
This signal is applied to the CPU as the system reset signal. 
Clock select signal 
EFI External clock Input 
signal 








The signal applied to this input pin generates the CLK signal when 
F/C is at high level. The frequency of the input signal needs to be 
three times greater than the desired CLK frequency. 


Crystal oscillator connections. 
The crystal oscillator frequency needs to be three times greater than 
the desired CLK frequency. 





Crystal oscillator output. This output frequency is the same as the 
oscillating frequency of the oscillator connected to the X1 and X2 
pins. As long as a Xtal oscillator is connected to the X1 and X2 pins, 
this output signal can be obtained independently even if F/C is set to 
high level to enable the EFI input to be used for CLK generation 
purposes. 
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a ee . Input/ | _ 


ASYN Ready Signal for selection of the synchronization mode of the READY 
synchronization signal generator circuit. When this signal is at low level, the READY 
select signal . signal is generated by double synchronization. And when at high 
level, the READY signal is generated by single synchronization. 
Since this pin has not been equipped with internal pull-up resistance, 
this pin must not be opened. 


| cnn | 






GND 


TIMING CHART 
CLK + PCLK + OSC waveforms. 


tCH1CH2 


tCL2CL1 


ae Sr 





RESET waveform 
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READY waveform (ASYNC = L) 





READY waveform (ASYNC = H) 
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tR1VCH 


tTRIVCL 


tCLR1X 


TAYVCL 


tCLAYX 


tRYHCH tRYLCL 


tRIVCL tRIVCL 


a T 
if CLR1X tCLR1X 


tA1RIV tCLA1X 





-tRYLCL 
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DESCRIPTION OF OPERATION 


(1) Oscillator Circuit 

The MSM82C84A internal oscillator circuit can be 
driven by connecting a crystal oscillator to the X1 and 
X2 pins. 


The frequency of the crystal oscillator in this case - 


needs to be three times greater than the desired CLK 
frequency. 

Since the oscillator circuit output (the same out- 
put as for the crystal resonator frequency) appears at 
the OSC pin, independent use of this output is also 
possible. 


Recommended Oscillator Circuit 


Crystal oscillator 


X1 


MSM82C84A 
X2 


When input frequency is 6 to 15 MHz, 
C, =C, =33 pF 








(2) Clock Generator Circuit 

This circuit generates two clock outputs—CLK 
obtained by dividing the input external clock or crystal 
oscillator circuit output by three, and PCLK obtained 
by halving CLK. CLK and PCLK are generated from the 
external clock applied to the EFI pin when F/C is at 
high level, and are generated from the crystal oscillator 
circuit when at low level. 


(3) Reset Circuit 

Since a Schmitt trigger circuit is used in the RES 
input, the MSM82C84A can be reset by ‘‘power on” by 
connection to a simple RC circuit. If the 80C86 or 
80C88 is used as the CPU in this case, it is neces- 
sary to keep the RES input at low level for at least 50 
us after Vcc reaches the 4.5V level. 


(4) Ready Circuit 
The READY signal generator circuit can be set to 

synchronization mode by ASYNC. 

(i) When ASYNC is at low level 
The RDY input is output as the READY signal by 
double synchronization. 
The high-level RDY input is synchronized once by 
the rising edge of the CLK of the first stage flip- 
flop (F1 in the circuit diagram), and then synchro- 
nized again by the falling edge of the CLK of the 
next stage flip-flop (F2 in the circuit diagram), 
resulting in output of a high-level READY output 
sigrial (see diagram below). 

© The low-level RDY input is synchronized directty 

by the falling edge of the CLK of the next stage 
flip-flop, resulting in output of a low-level READY 
output signal (see diagram below). 
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(ii) When ASYNC is at high level synchronized by the falling edge of the CLK of the 
The RDY input is output as the READY signal by next stage flip-flop, resulting in output of respec- 
single synchronization. tive low-level and high-level READY output signals 

© Both low-level and high-level RDY inputs are (see diagram below). 





EXAMPLE OF USE (CSYNC) 


The 82C84A 1/3 frequency divider counter is un- .switched to low level, CLK is output from the next 
settled when the power is switched on. Therefore, the input clock rising edge, and is divided by 3. 
CSYNC pin has been included to synchronize CLK with lf CSYNC has not been synchronized with the 
another signal. When CSYNC is at high level, both CLK input clock, use the following circuit to achieve the 


and PCLK are high-level outputs. If CSYNC is then required synchronization. 


MSM82C84A 


External 
synchronizing 
signal 
External 
clock signal 
(EFI) 





When an external clock EFI is used as the clock source 


MSM82C84A 


External 
synchronizing 
signal 


When the crystal oscillator is used as the clock source 
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CLOCK GENERATOR AND DRIVER 





GENERAL DESCRIPTION 


The MSM82C84A-5RS/GS is a clock generator designed to generate MSM80C86 and MSM80C88 system clocks. 
Due to the use of silicon gate CMOS technology, standby current is only 40 MA (MAX.), and the power con- 
sumption is very low with 10 mA (MAX.) when a 5 MHz clock is generated. 


FEATURES 
* Operating frequency of 6 to 15 MHz (CLK output 2 *Built-in synchronized circuit for MSM80C86 and 
to 5 MHz) MSM80C88 READY and RESET | 
*3y silicon gate CMOS technology for low power con- * TTL compatible 
sumption * Built-in Schmitt trigger circuit (RES input) 
* Built-in crystal oscillator circuit *18-pin DIP (MSM82C84A-5RS) 
*3V ~ 6V single power supply °24-pin flat package (MSM82C84A-5GS) 


FUNCTIONAL BLOCK DIAGRAM 


x2 SCILLATOR 


CRYSTAL 
| lo 
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PIN CONFIGURATION 


18 Lead Plastic DIP 


24 Lead Plastic Flat Package -CSYNC 


PCLK 


N-C 





AEN1 


RDY1 
READY 
N-C 


RDY2 





AEN2 
N-C 


CLK 


GND 


(N-C not connected) 
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ASYNC 
EFI 
N-C 


F/C 
OSC 
N-C 


RES 


RESET 
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ABSOLUTE MAXIMUM RATINGS 


Parameter Conditions 


MSM82C84A-5GS 





as ea ae ma 





Power Dissipation 


OPERATING RANGES 


Parameter 
Supply Voltage 


Operating Temperature 


Operating Temperatu re 

“L" Level Input Voltage 

““H" Level Input Voltage (except RES) 
“H" Level Input Voltage (RES) — 





DC CHARACTERISTICS (Voc =5V + 10%, Ta = —40 ~ 85°C) 


Parameter 


“L’’ Level Output Voltage (CLK) 


“L’ Level Output Voltage (OTHERS) lo =2.5mA 
“H’’ Level Output Voltage (CLK) ; lon = —4mA 
“HH Level Output Voltage (OTHERS) ; lIOH = —1mA 


————en 


RES Input Hysteresis 


Input Leak Current (EXCEPT ASYNC ) 


Input Current ( ASYNC ) 
Standby Supply Current 


Operating Supply Current mA f = 15MHz, Cy = OpF 
input Capacitance ; . pF f = 1 MHz 





NOTE 1: X1 > Vcc — 0.2V, X2 < 0,2V 
FIC > Vcc — 0.2V, ASYNC = Vec or open 
VIH > Vcc — 0.2V, VIL < 0,2V 
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AC CHARACTERISTICS 
(Voc = 5V + 10%, Ta = —40 ~ 85°C) 
(1) 7 


EFI *‘H’’ Pulse Width tEHEL 


EFI ‘’L” Pulse Width tELEH 
EFI Cycle Time tELEL 


tRIVCL 


tR1VCH 
“tRIVCL 
tCLR1X 
tAYVCL 
tCcLAYX 

Set Up Time of AEN1 (AEN2) to ‘ 
RDY1 (RDY2) Rising Edge AIR1V 

Hold Time of AEN1 (AEN2) to : 
CLK Falling Edge CLA1X 

Set Up Time of CSYNC to EF! ; 
Rising Edge YHEH 


Hold Time of CSYNC to EF! Rising 
Edge 


CSYNC Pulse Width 


Set Up Time of RES to CLK Falling 
Edge 





Unit 


90%—90% 
10%— 10% 


ASYNC 
= High 
ASYNC 
= Low 














Crystal Oscillator Frequency 
Set Up Time of RDY1 or RDY2 to 
CLK Falling Edge (Active) 
Set Up Time of RDY1 or RDY2 to 
CLK Rising Edge (Active) 
Set Up Time of RDY1 or RDY2 to 
CLK Falling Edge (Inactive) 
Hold Time of RDY1 or RDY2 to 
CLK Falling Edge 
Set Up Time of ASYNC to CLK 
Falling Edge 


Hold Time of ASYNC to CLK 
Falling Edge 





















Output load 
Capacitance 






CLK output 
C, = 100pF 


Others 30pF 






















tEHYL 


tYHYL 2x tELEL 
UITHCL 
Hold Time of RES to CLK Falling 


Edge *CLHH 


Input Rising Edge Time tiLIH 
Input Falling Edge Time TTHIL 


Note: Parameters where timing has not been indicated in the above table are measured at V,_ = 1.5V and Vy = 1.5V 
for both inputs and outputs. 










> 
x 








367 








= 1/O-MSM82C84A-5RS/GS 


AC CHARACTERISTICS 
(Vcc = 5V +10%, Ta = —40 ~ 85°C) 
(2) 


CLK Cycle Time tCLCL 200 


CLK “H” Pulse Width tCHCL = TeLeL 2 
J oe . 2 
CLK “‘L”’ Pulse Width tCLCH 3 TCLCL — 15 


CLK Rising and Falling Edge tCH1CH2 
tCL2CL1 


Times 
tpHPL | TcoLcL— 20 








Unit 


= 


AX 


1.0V—3.5V 
















PCLK “‘H” Pulse Width 


PCLK “’L” Pulse Width tpLPH TCLCL — 20 
Time from READY Falling Edge 
tRYLCL 


to CLK Falling Edge 
2 
tRYHCH | 3 TcLCL— 15 
TCLIL 










Output load 
Capacitance 













Time from READY Rising Edge 
to CLK Rising Edge 


Delay from CLK Falling Edge 


CLK output 
C, = 100pF 

























to RESET Falling Edge a0 Others 30pF 
Delay from CLK Falling Edge : 22 
to PCLK Rising Edge CLPH 





Delay from CLK Falling Edge 
to PCLK Falling Edge 


Delay from OSC Falling Edge 
to CLK Rising Edge 


Delay from OSC Falling Edge 
to CLK Falling Edge 


NO 
NO 


Ww 
oO 






(eotcl) 
(emrcuKe 


Note: Parameters where timing has not been indicated in the above table are measured at V;_ = 1.5V and Vy = 1.5V 
for both inputs and outputs. 






N 
N) 
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PIN DESCRIPTION 






Input/ 
output 


Clock { Input 
synchronization 
singal 


Peripheral clock Output 
output 


AEN1 | Address enable 
AEN? signals 

Bus ready signals Input 
READY Ready output 


_ 


F/C Clock select signal 
EFI External clock Input 
signal 
1, X2 Crystal oscillator Input 
connecting pins 


OSC Crystal resonator | Output 
output 







Pin symbol Name Function 








CSYNC Synchronizing signal for output of in-phase CLK signals when more 
than one MSM82C84A-5 is used. 

The internal counter is reset when this signal is at high level, and a 
high level CLK output is generated. The internal counter is sub- 
seqently activated and a 33% duty CLK output is generated when 
this signal is switched to low level. 

When this signal is used, external synchronization of EFI is necessary. 
When the internal oscillator is used, it is necessary for this pin to be 
kept to be low level. 














This peripheral circuit clock signal is output in a 50% duty cycle at 
a frequency half that of the clock signal. 


The AEN1 signal enables RDY1, and the AEN2 signal enables RDY2. 
The respective RDY inputs are activated when the level applied to 
these pins is low. 

Although two separate inputs are used in multi-master systems, only 
the AEN which enables the RDY input to be used is to be switched 
to low level in the case of not using multi-master systems. 











0 
O 
[— 
A 
















Completion of data bus reading and writing by the device connected 
to the system data bus is indicated when one of these signals is 
switched to high level. 

The relevant RDY input is enables only when the corresponding AEN 
is at low level. 








This signal is obtained by synchronizing the bus ready signal with 
CLK. 

This signal is output after guaranteeing the hold time for the CPU in 
phase with the RDY input. 






ee 
0 0 
<< 
nN = 






i?) 
- 
A 


This signal is the clock used by the CPU and peripheral devices con- 
nected to the CPU system data bus. The output waveform is gener- 
ated in a 33% duty cycle at a frequency 1/3 the oscillating frequency 
of the crystal oscillator connected to the X1 and X2 pins, or at a 
frequency 1/3 the EFI input frequency. 







D 
m 
” 





This low-level active input is used to generate a CPU reset signal. 
Since a Schmitt trigger is included in the input circuit for this signal, 
‘‘power On resetting’’ can be achieved by connection of a simple RC 
circuit. 







This signal is obtained by CLK synchronization of the input signal 
applied to RES and is output in opposite phase to the RES input. 
This signal is applied to the CPU as the system reset signal. 











This signal selects the fundamental signal for generation of the CLK 
signal. The CLK is generated from the crystal oscillator output when 
this signal is at low level, and from the EFl input signal when at high 
level. 















The signal applied to this input pin generates the CLK signal when 
F/C is at high level. The frequency of the input signal needs to be 
three times greater than the desired CLK frequency. 





Crystal oscillator connections. 
The crystal oscillator frequency needs to be three times greater than 
the desired CLK frequency. . 











Crystal oscillator output. This output frequency is the same as the 
‘oscillating frequency of the oscillator connected to the X1 and X2 
pins. As long as a Xtal oscillator is connected to the X1 and X2 pins, 
this Output signal can be obtained independently even if F/C is set to 
high level to enable the EFI input to be used for CLK generation 
purposes. 
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Input/ 


- Pin symbol 
output 


























Ready 
synchronization 
select signal 


Signal for selection of the synchronization mode of the READY 
signal generator circuit. When this signal is at low level, the READY 
signal is generated by double synchronization. And When at high 
level, the READY signal is generated by single synchronization. 

This pin is equipped with internal pull-up resister. 


aa +5V power supply | 








TIMING CHART 
CLK « PCLK + OSC waveforms 


tCH1CH2 





tCL2CL1 
Fee 


ee 





RESET waveform 


THVHCL 
tCLI1H = t 
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READY waveform (ASYNC = L) 


tR1IVCH 


fo tarniv tCLR1X 


tAYVCL 





READY waveform (ASYNC = H) 





TRIVCL TRIVCL 


icaawie a at 


tTAIRIV tCLA1X 


tAYVCL a tCLAYX 


tRYLCL 
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DESCRIPTION OF OPERATION 


(1) Oscillator Circuit 
The MSM82C84A-5 internal oscillator circuit can 
be driven by connecting a crystal oscillator to the X1 
and X2 pins. 3 
The frequency of the crystal oscillator in this case 
needs to be three times greater than the desired CLK 
frequency. 

Since the oscillator circuit output (the same out- 
put as for the crystal resonator frequency) appears at 
the OSC pin, independent use of this output is also 
possible. 


Recommended Oscillator Circuit 


Crystal oscillator 


When input frequency is 6 to 15 MHz. 
C, =C, = 33 pF 





(2) Clock Generator Circuit 

This circuit generates two clock outputs—CLK 
obtained by dividing the input external clock or crystal 
oscillator circuit output by three, and PCLK obtained 
by halving CLK. CLK and PCLK are generated from the 
external clock applied to the EF! pin when F/C is at 
high level, and are generated from the crystal oscillator 
circuit when at low level. 


(3) Reset Circuit 

Since a Schmitt trigger circuit is used in the RES 
input, the MSM82C84A-5 can be reset by ‘power on’’ 
by connection to a simple RC circuit. If the 80C86 or 
80C88 is used as the CPU in this case, it is neces- 
sary to keep the RES input at low level for at least 50 
us after Vcc reaches the 4.5V level. 


(4) Ready Circuit . 
The READY signal generator circuit can be set to 

synchronization mode by ASYNC. 

(i) When ASYNC is at low level 
The RDY input is output as the READY signal by 
double synchronization. . 
The high-level RDY input is synchronized once by 
the rising edge of the CLK of the first stage flip- 
flop (F1 in the circuit diagram), and then synchro- 
nized again by the falling edge of the CLK of the 
next stage flip-flop (F2 in the circuit diagram), 
resulting in output of a high-level READY output 
signal (see diagram below). 

o The low-level RDY input is synchronized directly 
by the falling-edge of the CLK of the next stage 
flip-flop, resulting in output of a low-level READY 
output signal (see diagram below). 
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(ii) When ASYNC is at high level 
The RDY input is output as the READY signal by 
single synchronization. 
? Both low-level and high-level RDY inputs are 


= 1/O-MSM82C84A-5RS/GS = 


synchronized by the falling edge of the CLK of the 
next stage flip-flop, resulting in output of respec- 
tive low-level and high-level READY output signals 
(see diagram below). 





EXAMPLE OF USE (CSYNC) 


The 82C84A-5 1/3 frequency divider counter is 
unsettled when the power is switched on. Therefore, the 
CSYNC pin has been included to synchronize CLK with 
another signal. When CSYNC is at high level, both CLK 
and PCLK are high-level outputs. If CSYNC is then 


External 
synchronizing 
signal 
External 


switched to low level, CLK is output from the next 
input clock rising edge, and is divided by 3. 

if CSYNC has not been synchronized with the 
input clock, use the following circuit to achieve the 
required synchronization 


MSM82C84A-5 





When an external clock EF! is used as the clock source 


External 
synchronizing 
signal 


MSM82C84A-5 


When the crystal oscillator is used as the clock source 





373 


OKI semiconductor 
MSM82C84A-2RS/GS 


CLOCK GENERATOR AND DRIVER 





GENERAL DESCRIPTION 


The MSM82C84A-2RS/GS is a clock generator designed to generate MSM80C86 and MSM80C88 system clocks. 
Due to the use of silicon gate CMOS technology, standby current is only 40 MA (MAX.), and the power con- 
sumption is very low with 16 mA (MAX.) when a 8 MHz clock is generated. 


FEATURES 

* Operating frequency of 6 to 24 MHz (CLK output 2 * Built-in synchronized circuit for MSM80C86 and 
to 8 MHz) MSM80C88 READY and RESET 

* 3 silicon gate CMOS technology for low power con- * TTL compatible 
sumption ° Built-in Schmitt trigger circuit (RES input) 

* Built-in crystal oscillator circuit °18-pin DIP (MSM82C84A-2RS) 

*3V ~ 6V single power supply — * 24-pin flat package (MSM82C84A-2GS) 


FUNCTIONAL BLOCK DIAGRAM 


SCILLATOR 


X14] CRYSTAL 
x2+-7 ° 
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PIN CONFIGURATION 


18 Lead Plastic DIP 


24 Lead Plastic Flat Package CSYNCI 


PCLK 
N-C 
AEN1. 


RDY 1 
READY 
N-C 
RDY2 


AEN2 
N-C 


CLK 


GND 


(N-C not connected) 
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Vcc 
x1 
X2 


N-C 





ASYNC 
EFI 
N-C 
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ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol e Nuits = Unit Conditions 
MSM82C84A-2RS | MSM82C84A-2GS . 


[Supp vero Sd ee | te 
[neurones Sdn | SO Vogts | 
[ouwurvorwe | our | —°8=vecrs |v 


0.7 





















OPERATING RANGES 


RECOMMENDED OPERATING CONDITIONS 


Supply Voltage 


Operating Temperature 


“L" Level Input Voltage 
“'H’’ Level Input Voltage (except RES) 


“'H”’ Level Input Voltage (RES) 





DC CHARACTERISTICS | (Voc =5V + 10%, Ta = —40 ~ 85°C) 


lot =4mA 
lot =2.5mA 
lOH = —4mA 
1OH = —1mA 


‘‘H’’ Level Output Voltage (OTHERS) 


eed 


ES Input Hysteresis 


+ 
—_ 


LA 0 < Vin < Vcc 
LA 0 < Vin < Vcc 
PA NOTE 1 

mA f = 24MHz, CL = OpF 
pF f=1MHz 


Standby Supply Current 


BS 
oO 


Operating Supply Current 





Input Capacitance 


NOTE 1: X1 > Vcc — 0.2V, X2 < 0,2V | 
F/C > Vcc —-0.2V, ASYNC = Vcc or open 
VIH > Vcc: — 0.2V, VIL < 0,2V 
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AC CHARACTERISTICS 
(Vcc = 5V + 10%, Ta = —40 ~ 85°C) 
(1) 


EFI “H’’ Pulse Width tEHEL 


EFI ‘’L” Pulse Width tELEH 1 
EF! Cycle Time tELEL 
Crystal Oscillator Frequency 


Set Up Time of RDY1 or RDY2 to : 

CLK Falling Edge (Active) RIVCL 
Set Up Time of RDY1 or RDY2 to ; 
CLK Rising Edge (Active) RIVCH 
Set Up Time of RDY1 or RDY2 to ; 
CLK Falling Edge (Inactive) RIVCL 
Hold Time of RDY1 or RDY2 to F 
CLK Falling Edge CLRIX 
Set Up Time of ASYNC to CLK , . 
Falling Edge AYVCL 


Hold Time of ASYNC to CLK ; 
Falling Edge CLAYX 


Set Up Time of AEN1 (AEN2) to 
tTATRIV 


RDY1 (RDY2) Rising Edge 


Hold Time of AEN1 (AEN2) to ; 

CLK Falling Edge CLAIX 
Set Up Time of CSYNC to EF! ‘ 

Rising Edge YHEH 
Hold Time of CSYNC to EFI Rising ; 

Edge EHYL 


CSYNC Pulse Width | tVHYL 2x tELEL 


Set Up Time of RES to CLK Falling : 
Edge ~ | UTHCL 


Hold Time of RES to CLK Falling ; 
Edge CLI1H 


Input Rising Edge Time UILIH 
TIHIL 


Note: Parameters where timing has not been indicated in the above table are measured at Vy = 1.5V and Vy = 1.5V 
for both inputs and outputs. - 









= 


AX 


90%—90% 
10%—10% 


ASYNC 

= High 
ASYNC 

= Low 


Unit. 









= 
OO 






24 










Output load 
Capacitance 


CLK output . 
C. = 100pF 


3 
3 
3 
3 

Others 30pF 
2 





7 
6 
5 
5 
5 
0 
0 
20 


1 


ol 


Input Falling Edge Time n 


n 


<c 
N 
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AC CHARACTERISTICS 
(Voc = 5V +10%, Ta = —40 ~ 85°C) 
(2) : 


[Permeer i: SSvmnot [MIN 
CLK Cycle Time tCLOL 








MAX Unit 


1.0V—3.5V 









1 
CLK “H” Pulse Width tCHCL = TcLeL +2 
lie > 2 
CLK “‘L” Pulse Width tCLCH 3 PCLCL 15 
tCH1CH2 
tCL2CL1 
PCLK “H” Pulse Width | tPHPL TCLCL — 20 
PCLK “L” Pulse Width . tPLPH TCLCL — 20 


Time from READY Falling Edge ‘ 

to CLK Falling Edge RYLCL 

Time from READY Rising Edge "| | 2, sie 

to CLK Rising Edge RYHCH | 3 'CLCL 

to RESET Falling Edge TCLIL 40 
22 
35 





CLK Rising and Falling Edge 
Times 
















Output load 
Capacitance 






















CLK output 
C; = 100pF 


Others 30pF 








Delay from CLK Falling Edge 

Delay from CLK Falling Edge ‘ 

to PCLK Rising Edge Sy eine 
Delay from CLK Falling Edge : 

to PCLK Falling Edge CLPL 
Delay from OSC Falling Edge , 

to CLK Rising Edge OLCH 

| 2 | as] 


Delay from OSC Falling Edge ; 
to CLK Falling Edge OLCL 
Output Rising Edge Time 

8V~2.2 
(Except CLK) ‘OLOH 0.8V~2.2V 
Output Falling Edge Time _ 
(Except CLK) tOHOL 8 2.2V~0.8V 


Note: Parameters where timing has not been indicated in the above table are measured at V;_ = 1.5V and Vy = 1.5V 
for both inputs and outputs. . 
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PIN DESCRIPTION 


. Input : 
Pin symbol Name put/ Function 
output 


CSYNC Clock 4 Input Synchronizing signal for output of in-phase CLK signals when more 
synchronization than one MSM82C84A-2 is used. 

singal The internal counter is reset when this signal is at high level, and a 

high tevel CLK output is generated. The internal counter is sub- 

seqently activated and a 33% duty CLK output is generated when 







this signal is switched to low level. 

When this signal is used, external synchronization of EFI is necessary. 
When the internal oscillator is used, it is necessary for this pin to be 
kept to be low level. 


Peripheral clock Output | This peripheral circuit clock signal is output in a 50% duty cycle at 
output a frequency half that of the clock signal. 


Address enable Input The AEN1 signal enables RDY1, and the AENZ2 signal enables RDY2. 
The respective RDY inputs are activated when the level applied to 
these pins is low. 

Although two separate inputs are used in multi-master systems, only 












0 
2) 
~ 
A 






















signals 
the AEN which enables the RDY input to be used is to be switched 
to low level in the case of not using multi-master systems. 











RDY1 
RDY2 


Completion of data bus reading and writing by the device connected 
to the system data bus is indicated when one of these signals is 
switched to high level. 

The relevant RDY input is enables only when the corresponding AEN 
is at low level. 





Bus ready signals 







This signal is obtained by synchronizing the bus ready signal with 
CLK. 

This signal is output after guaranteeing the hold time for the CPU in 
phase with the RDY input. 












This signal is the clock used by the CPU and peripheral devices con- 
nected to the CPU system data bus. The output waveform is gener- 
ated in a 33% duty cycle at a frequency 1/3 the oscillating frequency 


Input 
READY Ready output Output 
of the crystal oscillator connected to the X1 and X2 pins, or at a 


CLK Clock output Output 
frequency 1/3 the EFI input frequency. 
Reset in Input This low-level active input is used to generate a CPU reset signal. 
Since a Schmitt trigger is included in the input circuit for this signal, 
‘‘power On resetting’ can be achieved by connection of a simple RC 
circuit. 
RESET Reset output Output | This signal is obtained by CLK synchronization of the input signal 
applied to RES and is output in opposite phase to the RES input. 
This signal! is applied to the CPU as the system reset signal. 













F/C Clock select signal} Input This signal selects the fundamental signal for generation of the CLK 
signal. The CLK is generated from the crystal oscillator output when 
this signal is at low level, and from the EFI input signal when at high 
level. 








EFI 






External clock 
signal 







three times greater than the desired CLK frequency. 


Input Crystal oscillator connections. 
The crystal oscillator frequency needs to be three times greater than 
the desired CLK frequency. 


Output | Crystal oscillator output. This output frequency is the same as the 
oscillating frequency of the oscillator connected to the X1 and X2 
pins. As long as a Xtal oscillator is connected to the X1 and X2 pins, 
this output signal can be obtained independently even if F/C is set to 


Input The signal applied to this input pin generates the CLK signal when 
F/C is at high level. The frequency of the input signal needs to be 


Crystal oscillator 
connecting pins 






Crystal resonator 
output 





high level to enable the EFI input to be used for CLK generation 
purposes. 
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amt 


Signal for selection of the synchronization mode of the READY 
signal generator circuit. When this signal is at low level, the READY — 
signal is generated by double synchronization. And When at high 
level, the READY signal is generated by single synchronization. 

This pin is equipped with internal pull-up resister. 


ae +5V power supply 

















Input/ 
output 






» Pin symbol 





Ready 
synchronization 
select signal 























TIMING CHART 
CLK + PCLK + OSC waveforms 


tCH1CH2 


tCLCH 


tPHPL 
eae aes 


Lene a seth 


tCLPL 
ie CL2CL1 





RESET waveform 
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READY waveform (ASYNC = L) 


tR1VCH 


Patani 


tTAYVCL 


tRYLCL 





READY waveform (ASYNC = H) 





tRIVCL TRIVCL 
CLK e 
¥ tCLR1X tGLR1X 
RDY1-2 
=e tAIRIV tCLA1X 
AEN1-2 ce 
~~ tCLAYX 
ASYNC 
1 
READY’ 


tTRYLCL 
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DESCRIPTION OF OPERATION 


(1) Oscillator Circuit 

The MSM82C84A-2 internal oscillator circuit can 
‘be driven by connecting a crystal! oscillator to the X1 
and X2 pins. 
| The frequency of the crystal oscillator in this case 
needs to be three times greater than the desired CLK 
frequency. 

Since the oscillator circuit output (the same out- 
put as for the crystal resonator frequency) appears at 
the OSC pin, independent use of this output is also 
possible. 


Recommended Oscillator Circuit 


Crystal oscillator 


x1 OSC 


MSM82C84A-2 
X2 


When input frequency is 6 to 24 MHz. 
C; = C, = 33 pF 








(2) Clock Generator Circuit 

This circuit generates two clock outputs—CLK 
obtained by dividing the input external clock or-crystal 
oscillator circuit output by three, and PCLK obtained 
by halving CLK. CLK and PCLK are generated from the 
external clock applied to the EF! pin when F/C is at 
high level, and are generated from the crystal oscillator 
circuit when at low level. 


(3) Reset Circuit . 

Since a Schmitt trigger circuit is used in the RES 
input, the MSM82C84A-2 can be reset by ‘power on’’ 
by connection to a simple RC circuit. If the 80C86 or 
80C88 is used as the CPU in this case, it is neces- 
sary to keep the RES input at low level for at least 50 
us after Voc reaches the 4.5V level. 


(4) Ready Circuit 
The READY signal generator circuit can be set to 

synchronization mode by ASYNC. 

(i) When ASYNC is at low level 
The RDY input is output as the READY signal by 
double synchronization. 
The high-level RDY input is synchronized once by 
the rising edge of the CLK of the first stage flip- 
flop (F1 in the circuit diagram), and then synchro- 
nized again by the falling edge of the CLK of the 
next stage flip-flop (F2 in the circuit diagram), 
resulting in output of a high-level READY output 
signal (see diagram below). 

o The low-level RDY input is synchronized directly 
by the falling-edge of the CLK of the next stage 
flip-flop, resulting in output of a low-level READY 
output signal (see diagram below). 
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(ii) When ASYNC is at high level 
The RDY input is output as the READY signal by 
single synchronization. — 
o Both low-level and high-level RDY inputs are 
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synchronized by the falling edge of the CLK of the 
next stage flip-flop, resulting in output of respec- 
tive low-level and high-level READY output signals 
(see diagram below). 





EXAMPLE OF USE (CSYNC) 


The 82C84A-2 1/3 frequency divider counter is 
unsettled when the power is switched on. Therefore, the 
CSYNC pin has been included to synchronize CLK with 
another signal. When CSYNC is at high level, both CLK 
and PCLK are high-level outputs. If CSYNC is then 


External 
synchronizing 
Signal 
External 
clock signa 
(EFI) 


switched to low level, CLK is output from the next 


input clock rising edge, and is divided by 3. 

If CSYNC has not been synchronized with the 
input clock, use the following circuit to achieve the 
required synchronization 


MSM82C84A-2 





When an external clock EF! is used as the clock source 


External 
synchronizing 
signal 


MSM82C84A-2 


When the crystal oscillator is used as the clock source 
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MSM82C88AS/GS 


BUS CONTROLLER 














GENERAL DESCRIPTION 


The MSM82C88 is a bus controller for the MSM80C86 and the MSM80C88 CPUs. Based on silicon gate 
CMOS technology, a low-power 16-bit microprocessor system can be realized. 
The MSM82C88 generates commands control timing signals on reception of status signals from the CPU. » 


FEATURES 
@ Silicon gate CMOS technology for low power con- e Advanced write contro! output 
sumption e@ Three-state command output driver 
@ 3 to 6V wide voltage range and single power supply @ System bus mode & I/O bus mode 
e -40 to 85°C wide guaranteed operating temperature e@ 20-pin DIP (MSM82C88AS) 
range e@ 24-pin flat package (MSM82C88GS) 


CIRCUIT CONFIGURATION 


STATUS 


oe, DECODER 


INPUT 


MAND ~ | COMMAND 
SIGNAL 


DT/R 
eue DEN CONTROL 
MCE/PDEN { oytpyy 


ALE 


Vec (+5V) GND (OV) 
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PIN CONFIGURATION 


MSM82C88AS (top view) 
20-lead DIP 


MCE/PDEN 


DEN 


CEN 





MSM82C88GS (top view) 
24-lead plastic flat package 





Note: NC pin must not be connected. 
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ABSO LUTE MAXIMUM — RATINGS 


Parameter Symbol Conditions Unit 
, MSM82C88AS MSM82C88GS | 


Power Supply Voltage -~0.5~ +7 


Output Voltage VOUT 


Power Dissipation | | Pp Ta = 25°C . 





p himits 




















OPERATING RANGES 


Parameter. Symbol Limits 
Power Supply Voltage 3~6 . 


Operating Temperature Top -40 ~ 85 





Power Supply Voltage 





4 

Operating Temperature | 40 
mi input vote vy | 8 
Tau" ioutvonwe | Yue | 08 | 
=H" input Varese |e |e 


Note: Vj,_4 and V4}41 are input voltages for CLK, s,, S,,.and $). 
Vitg and Vjy42 are input voltages for AEN, CEN, and IOB. 
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DC CHARACTERISTICS 
(Vcc = 4.5V to 5.5V, Ta = -40°C to +85°C) 














lo“ = 12mMA 


Command output Peers 
Control output 
lot = 8mA 

= 


“L”’ Output Voltage 


Command output 
1OH = —5mA 


Control output 
3.7 
1oH = -1mMA 


0< Vin < Vcc 





““H” Output Voltage 







! 
—_ 
io) 


Input Leak Current 
Output Leak Current O0< VouT S$ <Vcc 


Status Input Current Lis 0 2 Vin<Vec 
C,. = OpF 
cco tCLCL = 200ns 


Note 1. This input leak current is the leak current on input pins except status inputs (s,,s,, ands, ). 

Note 2. The status input leak current is the leak current at the status inputs (5,, 5, , and §; }. 

Note 3. The measuring conditions for the standby power supply current include the So ,$,;,and $3 status inputs being 
at Vcc potential, and the other inputs being at Vcc or GND. All output pins are left open. 











Operation Power Supply Current 


Standby Power Supply Current 





AC CHARACTERISTICS 
(Vcc = 4.5V to 5.5V, Ta = -40°C to +85°C) 


Timing conditions 


Clock Cycle 








Clock Low Time 


Clock High Time 


Status Active Setup Time 


Status Inactive Hold Time 
Status Inactive Setup Time 


Status Active Hold Time 
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Timing response — 


Delay from CLK Leading Edge to DEN, 
PDEN Active | tCVNV 
Delay from CLK Trailing Edge to DEN, 
PDEN Inactive 'CVN 
Delay from CLK Trailing to ALE 
Active 'CLLH 

















Delay from CLK Trailing Edge to 
MCE Active *CLMCH 
Delay from Status Input Falling Edge 
to ALE Active 'SVL 
_Delay from Status Input Falling Edge 1. 
to MCE Active tsvMC 
Delay from CLK Leading Edge to 
ALE Inactive "CHL 
Delay from CLK Trailing Edge to 
Command Output Active ‘CLM 
Delay from CLK Trailing Edge to 
Command Output Inactive ‘CLM 


Delay from CLK Leading Edge to 


DT/R Active 'CHDOTL 
Delay from CLK Leading Edge to 
DT/R Inactive *CHDT 






Delay from AEN Leading Edge to 
Command Enable 


Delay from AEN Trailing Edge to 
Command Disable 


Delay from AEN Leading Edge to 

Command Output Active 

Delay from AEN to DEN tAEVN 
Delay from CEN to DEN, PDEN tCEVN 







tAELC 


tAEHC 







tAELC 


Delay from CEN to Command Output tCELR 
Output Rise Time tOLOH 
Output Fall Time 


Note: AC timing measurements are made at 1.5V for both logic “1'’ and “0”. 
Input rise and fall times are : 
5 + 2 nS between 0.8V and 2.2V for AEN, CEN and IOB. 
8 + 2 nS between 0.8V and 3.0V for So, 81, $2 and CLK. 


tOHO 


a 


Test Circuit 


; V 
‘ R 
| Qut Test Point 


i 
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TIME CHARTS 


T T, Les 


tCLCL tCLCH 


CLK ig a 
t 
tCHSV o = oocr 
Ses + | t # 
¥ ae 
ADDR WRITE @ 
VALID DATA VALID 
tCLLH— 
/, 
AL 
AMWC, AIOWG 
tCLML > 


4a 
State 





ADDRESS/DATA 


m 





MRDG, IORG, INTA 


MWTC, tOWC 
(READ) 

DEN (nt) 

sa, (READ) 
PDEN vinta) 
DEN (WRITE) 


(CVNX 


PDEN (WRITE) 


tCHDTH—> 
=(READ) 
/ 
OTIRUNTAD 
tCHDTL 'CHDTH 
Mce £| fF @ | 
tCLMCH—> tCVNX 


'SVMCH 


Note 1. The ADDRESS/DATA bus signal is shown for reference purposes. 

Note 2. The ALE and MCE leading edges are synchronized with the falling edge of CLK or status going active, 
whichever occurs fast. 

Note 3. All timing measurements are made at 1.5V unless specified otherwise. 
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DEN, PDEN Timing 


AEN Timing 


cee 


AEN 


All command outputs 
when in system bus 
mode, MRDC, MWTC, 
and AMWC when in 
1/O bus mode. 





tTAEVNV 


a 


tCEVNV 





tAELCV 


ew 


tAELCH tAEHCZ 


VOH 
x‘ 7 


tCELRH 


4 


tCELRH 


Note: To control the command and control signal outputs, CEN must be switched to low level before T, 
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PIN DESCRIPTION 


—_ These pins are input pins for status signals (s,, s;, and s,), output from 


the CPU (MSM80C86, 80C88). The MSM82C88 generates commands and 
™ 












connected to an internal pull-up resistor, they are set to high level when 
the CPU status output is at high impedance. 







This pin is the input pin for clock signal output from the clock generator 
(MSM82C84A). The timing of all MSM82C88 output signals is controlled 


control signals after decoding these status signals. Since these pins are 
by this clock signal. 
Output 





Strobe signal for latching output address from the CPU to address latch. 
Address latching occurs on the trailing edge of ALE. 


DEN Output Control signal for setting the data bus transceiver to data enable. The local - 
bus or system bus transceiver is enabled when this signal is high. 
DEN is switched to low when the CEN input is low. 


DT/R Output Control of the direction of data flow in the data bus transceiver. When the 
CPU is switched to write mode, this signal is high, and when switched to 
read mode, this signal is low. 

AEN Input Address enable signal. 


e IOB = L (SYSTEM BUS MODE) 
When the AEN input is switched to high level, all command outputs are 
switched to high impedance status. | 
e 1OB = H (1/0 BUS MODE) 
When the AEN input is. switched to high level, only the MRDC, MWTC, 
and AMWC command outputs are switched to high impedance status. 
When AEN is switched from high to low level, high impedance command 
outputs are not switched to active status (low level) for at least 90 nS, 
irrespective of the [OB input status. 





CEN Input Command enable signal. 
All command outputs, DEN and PDEN outputs are switched to inactive 
status when a low level input is applied to CEN. All command outputs, DEN 
and PDEN outputs are switched to active status when a high level input is 
applied to CEN. 


1/O bus mode signal. | 
The MSM82C88 is switched to !/O bus mode when a high level input is 
applied to IOB, and to system bus mode when a low level input is applied. 


3-state This pin is active-low, and three-state output. This signal is for writing data 
output into the I/O device. 





3-state This pin is active-low and three-state output. Although this signal is also 
output used for writing into 1/O devices like the 1/O write command (IOWC), it is 
made active one clock earlier than [OWC. 


3-state This pin is active-low and three-state output. This signal is for reading data 
output from 1/O devices. 


3-state This pin is active-low and three-state output. This signal is for writing data 
output into memory. 


3-state This pin is active-low and three-state output. Although this signal is also 
output used for writing into memory like the memory write command (MWTC), 
it is made active one cycle earlier than MWTC. 


This pin is active-low and three-state output. This signal is for reading data 
from memory. . 


3-state This pin is active-low and three-state output. This signal informs the inter- 
output . rupt controller that the interrupt has been accepted, and then requests 
output of a vector address onto the data bus. 
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on the I/O bus. 


7 


FUNCTION 


Command Logic 

The command output is decided by decoding 
status signals (s,,5,,5,) output from the CPU. 

These status signals have the following meanings. 


1- 


utput 
INTA 
1ORC 
Cato | v0 wre [Ta TOE 

PRON eae el 
MRDC 
MRDC 

C, AMWC 




















400 | Instruction ferch | WDE 
[101 | Memory eed | _~MIRBC 
a4 0 | Memory write | MTC, ANIC 


1/O Bus Mode (1OB = High) 

When an I/O access status signal is received from 
the CPU in I/O bus mode, one of the !/O commands 
(l1ORC, IOWC, AIOWC, INTA) corresponding to the 
status signal becomes active irrespective of the AEN 
status. At the same time, the PDEN and DT/R outputs 
which control the data bus transceiver are generated. 

As in system bus mode, the memory commands 
(MRDC, MWTC, and AMWC) are not switched to low 
level for at least 90 ns after AEN is switched to low 
level. 














System Bus Mode (I1OB = Low) 

When the bus is usable, the MSM82C88 is ena- 
bled by the AEN signal from the bus arbiter. Conse- 
quently, no command output becomes active unless 
the AEN signal becomes low. Also note that there is 
a delay of at least 90 ns before any command output 
becomes active after the AEN signal is switched to 
low level. 





System bus mode is used when more than one CPU | 


is connected to a single bus, and the bus !/O, memory, 
etc. are used in common. 


. Command Outputs 


_ The advanced write commands (AIOWC and 
AMWC) become active one cycle earlier than normal 
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This pin has two functions. 

MCE (1OB = Low) master cascade enable function. 

This is an active-high signal and is used to enable a slave PIC (priority in- . 
-terrupt controller) to read the cascade address output on the data bus by 
the master PIC during an interrupt sequence. 

PDEN (108 = High) peripheral data enable function. 

This is a an active-low signal and is used to enable the data bus transceiver 


/0 reed ore} 





write commands (IOWC and MWTC). This prevents the 
CPU from being switched to an additional period of 
wait status. 





-INTA (interrupt acknowledge) is output during the 
interrupt acknowledge cycle in the same way as 
MRDC in the read cycle. The purpose of this signal is 
to inform the device which has requested the interrupt 
that the interrupt has been accepted, and requests a 
vector address output on the data bus. 

MRDC — Memory read command 











MWTC — Memory write command 

TORC — 1/O read command ! 
1OWC + — 1/O write command 

AMWC — Advanced memory write command 
AIOWC — Advanced I/O write command 
INTA — Interrupt acknowledge 


Control Output 

The control output signals are DEN (Data Enable), 
DT/R (Transmit/Receive), and MCE/PDEN (Master 
Cascade Enable/Peripheral Data Enable). 

The DEN signal enables the local bus or system 
bus, when it is high. | 

The DT/R signal determines the direction of the 
data on the local bus or system bus. __ 

The function of the MCE/PDEN pin is switched 
according to |OB. The PDEN function is selected in 1/O 
bus mode (1OB = high) to provide the I/O or peripheral/ 
system bus data enable signal. When the MCE function 
is selected in system bus mode (IOB = low), the MCE 
signal is active (high) level at an interrupt acknowledge 
status. 

The MCE signal is used when a master and slave 
interrupt controller exists in the system. | 


ALE (Address Latch Enable) . 
ALE is generated in each machine cycle to latch 
the current address to the address latch. 


CEN (Command Enable) 

This signal is used to enable command outputs. All 
command outputs become inactive if a low level input is 
applied to the CEN pin. 


OKI semiconductor 


MSM82C88-2RS/GS 


BUS CONTROLLER 














GENERAL DESCRIPTION 


The MSM82C88 is a bus controller for the MSM80C86 and the MSM80C88 CPUs. Based on silicon gate 
CMOS technology, a low-power 16-bit microprocessor system can be realized. 
The MSM82C88 generates commands contol timing signals on reception of status signals from the CPU. 


FEATURES 

® Silicon gate CMOS technology for low power con- @ Advanced write contro! output 
sumption @ Three-state command output driver 

@ 3 to 6V wide voltage range and single power supply @ System bus mode & !/O bus mode 

e -40 to 85°C wide guaranteed operating temperature @ 20-pin DIP (MSM82C88-2RS) 
range ® 24-pin flat package (MSM82C88-2GS) 


CIRCUIT CONFIGURATION 





STATUS STATUS 
INPUT 
MAND COMMAND 


SIGNAL 


DT/R 
ce ae CONTROL 
ALE 


Vec (+5V) GND (ov) 
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PIN CONFIGURATION 


. MSM82C88-2RS (Top View) 




















20-lead DIP 1IOB Vcc 
CLK Si 
8, 5 
DT/R MCE/PDEN 
ALE DEN 
AEN CEN 
MRDC INTA 
AMWC IORC 
MWTC AIOWC 
GND 1OWC 
MSM82C88-2GS (Top View) 
24-lead plastic flat package Vcc 
Sy 
NC 
S, 
MCE/PDEN 
DEN 
CEN 
INTA 
1ORC 
NC 
AIOWC 
IOWC 





Note: NC pin must not be connected. 
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ABSOLUTE MAXIMUM RATINGS 


Parameter Conditions 
MSM82C88-2RS | MSM82C88-2GS 
Power Supply Voltage 


ee 
[Power Dignan | Fo 





OPERATING RANGES 


Power Supply Voltage 
Operating Temperature 















ee 
[poner Sunoty Vorge «dee | 
a 
wr input Velie | Ms | 8 
T=e"input vorae Sd] 


Note: Vj,4 and Vj} are input voltages for CLK, s,,S,, and §,. 
Vitgand Vj}42 are input voltages for AEN, CEN, and 1OB. 
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DC CHARACTERISTICS 
(Vcc = 4.5V to 5.5V, Ta = -40°C to +85°C) 


; Command output |. 
lol = 20mA |. | 
OL 
Control output 


Command output 
10H =-8mMA 
VOH 
Control output 
1OH = —-4mA 


ive [wen [ne | Romer 















““L” Output Voltage 


ie) 


“ 
N 


7 
“"H’’ Output Voltage 


Input Leak Current 


My 0<Vin<Vcc 


O 0< VouT < Vcc 


lLis 0<Vin< Vcc 
il tawe Ci = OpF 
CCcO tCLCL = 200ns 


Note 1. This input leak current is the leak current on input pins except status inputs (s,,s,, and 5, ). 

Note 2. The status input leak current is the leak current at the status inputs (5,, 5, , and 5, ). 

Note 3. The measuring conditions for the standby power supply current include the s,,$,, and Ss, status inputs being 
at Vcc potential, and the other inputs being at Vec or GND. All output pins are left open. 


Output Leak Current 


Status Input Current 





Operation Power Supply Current 


Standby Power Supply Current — 


AC ‘CHARACTERISTICS 
(Vcc = 4.5V to 5.5V, Ta = -40°C to +85°C) 


Timing conditions 


Clock Low Time 


Clock High Time tCHCL | 40 
Status Active Setup Time tSVCH 





Status Inactive Hold Time | tCHSV 


Status Inactive Setup Time 


Status Active Hold Time 
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Timing response 
Delay from CLK Leading Edge to DEN, 
PDEN Active ~ 
Delay from CLK Trailing Edge to DEN, - 
PDEN Inactive 
Delay from CLK Trailing to ALE 
Active tCLLH 
Delay from CLK Trailing Edge to — 
MCE Active 'CLMCH 


Delay from Status Input Falling Edge 
to ALE Active 'SVLH 


Delay from Status Input Falling Edge 
to MCE Active 'SVMCH 











NO 
o 


ot aa 
QO QO 
< < 
2 2 
x < 
oO oO 






u 


28) 
o 


N 
oO 


Delay from CLK Leading Edge to 

ALE Inactive ‘CHL 
‘| Delay from CLK Trailing Edge to 

Command Output Active —tCLM 

Delay from CLK Trailing Edge to 
- | Command Output Inactive tCLMH 


Ww 
Or 


5 





ASS 
oO 





| Delay from CLK Leading Edge to 
DT/R Active tCHDTL 
Delay from CLK Leading Edge to | 
DT/R tnactive 'CHDTH 
Delay from AEN Leading Edge to — 
Command Enable tAELCH 


ie) 
Oo 






Delay from AEN Trailing Edge to 

Command Disable | TAEHCZ 
Delay from AEN Leading Edge to 

Command Output Active TAELCV 
Delay from AEN to DEN tAEVNV 
Delay from CEN to DEN, PDEN . | tceEVNY 
Delay from CEN to Command Output | tcELRH 


Output Fall Time tOHOL 


250 





W 
ol 


W 
oi 


0 
From 0.8V to 2.2V 
From 2.2V to0.8V 


fife 
QO 
- 
on] o1] 
+ 
—_ 
-: 


og 
b 





Note: AC timing measurements are made at 1.5V for both logic ‘1’ and “0”. 
Input rise and fall times are 
5 + 2 nS between 0.8V and 2.2V for AEN, CEN and IOB. 
8 + 2 nS between 0.8V and 3.0V for so, 81, $2 and CLK. 


| Test Circuit 


Vv ' 
R 
Qut Test Point 


Cc 


~ 
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TIME CHARTS 


T, T, T, . T, . | T, 
teELCL tCLCH 


CLK - - 
j<gnne t 
| tCHSV -tSHCL 
; : : hingm =i aaa 
DDR WRITE 


ADDRESS/DATA | Creep. laa om 


ca TT" 
ALE 
tCLMH—| 
MRDG, 1ORC, INTA 
AMWC, AIOWG 
| , 7 tCLML— 


MWTC, 1OWC ae 
(READ) | 
DEN (ita) 


State 


(READ) 


PDEN (ita) 


DEN (WRITE) 


PDEN (WRITE) 


tCHDOTH -—+ 


(READ) 


OT/R ita) 





tCHDTL tCHDTH 


tCLMCH—> ’ 'CVNX 
tSVMCH 


Note 1. The ADDRESS/DATA bus signal is shown for reference purposes. 

Note 2. The ALE and MCE leading edges are synchronized with the falling edge of CLK or status going active 
whichever occurs last. 

‘Note 3. All timing measurements are made at 1.5V unless specified otherwise. 


’ 
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DEN, PDEN Timing 


tTAEVNV 


a 


tCEVNV 





AEN Timing 





tAELCV 


AEN 1.5V 


TAELCH 


- All command outputs VOoH 


when in system bus | | \} 
mode, MRDC, MWTC, Ff 


and AMWC when in 


1/O bus mode. ; ‘CELRH 


ua 


tCELRH 


Note: To control the command and control signal outputs, CEN must be switched to low level before T, 
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PIN DESCRIPTION 


ee These pins are input pins for status signals (55, $;, and s,), output from 
the CPU (MSM80C86, 80C88). The MSM82C88 generates commands and 
control signals after decoding these status signals. Since these pins are 


connected to an internal pull-up resistor, they are set to high level when 
the CPU status output is at high impedance. 





Input This pin is the input pin for clock signal output from the clock generator 
(MSM82C84A). The timing of all MSM82C88 output signals is controlled 
by this clock signal. 


Output Strobe signal for latching output address from the CPU to address latch. 
Address latching occurs on the trailing edge of ALE. 


Output Control signal for setting the data bus transceiver to data enable. The local 
_ bus or system bus transceiver is enabled when this signal is high. 
DEN is switched to low when the CEN input is low. 














Output Control of the direction of data flow in the data bus transceiver. When the 
CPU is switched to write mode, this signal is high, and when switched to 
read mode, this signal is low. 


Address enable signal. 
e 1OB = L (SYSTEM BUS MODE) 
When the AEN input is switched to high level, all command outputs are 
switched to high impedance status. 
e 1OB = H (1/0 BUS MODE) ; 
When the AEN input is switched to high level, only the MRDC, MWTC, 
and AMWC command outputs are switched to high impedance status. 
When AEN is switched from high to low level, high impedance command 
outputs are not switched to active status (low level) for at least 90 nS, 
irrespective of the [OB input status. 


Command enable signal. 

All command outputs, DEN and PDEN outputs are switched to inactive 
status when a low level input is applied to CEN. Ail command outputs, DEN 
and PDEN outputs are switched to active status when a high level input is 
applied to CEN. 








Input 1/O bus mode signal. 
The MSM82C88 is switched to I/O bus mode when a high level input is 
applied to 1OB, and to system bus mode when a low level input is applied. 


This pin is active-low, and three-state output. This signal is for writing data 





output. into the I/O device. 


“AIOWC — 3-state This pin is active-low and three-state output. Although this signal is also 

output _.used for writing into I/O devices like the 1/O write command (IOWC), it is 
made active one clock earlier than |OWC. 

3-state This pin is active-low and three-state output. This signal is for reading data 
output from |/O devices. | | 

“MWTC 3-state This pin is active-low and three- “state output. This signal is for writing data 
output into memory. —. 

“AMWC 


A 3-state This pin is active-low and three-state output. Although this signal is also 
Output used for writing into memory like the memory write command (MWTC), 
3-state 
output 


it is made active one cycle earlier than MWTC. 
MRDC 
INTA 3-state 
output 
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This pin is active-low and three-state output. ane signal is for reading data 
from memory. 








This pin is active-low and three-state output. This signal ators the inter- 
rupt controller that the interrupt has been accepted, and then requests 
output of a vector address onto the data bus. 



















on the I/O bus. 


7 


FUNCTION 


Command Logic 
The command output is decided by decoding 
' status signals (s,, s,, 8, ) output from the CPU. 
These status signals have the following meanings. 


ee RB] crustews | Stipe 
000 | tnverrupt acknowledge | _INTA 
To 0 1 | vOred ——~+| TOR 
040 | vOwrie | TOWC, ATOWC” 
i 
RC 
oon 
as 
oe 































INTA 
1ORC 

i WC, AIOWC 
[Passive | 


1/O Bus Mode (1OB = High) 

When an 1/O access status signal is received from 
the CPU in I/O bus mode, one of the {/O commands 
(IORC, IOWC, AIOWC, INTA) corresponding to the 
status signal becomes active irrespective of the AEN 
status. At the same time, the PDEN and DT/R outputs 
which control the data bus transceiver are generated. 

As in system bus mode, the memory commands 
(MRDC, MWTC, and AMWC) are not switched to low 
level for at least 90 ns after AEN is switched to low 
level. 








System Bus Mode (OB = Low) 

When the bus is usable, the MSM82C88 is ena- 
bled by the AEN signal from the bus arbiter. Conseuq- 
netly, no command output becomes active unless the 
AEN signal becomes low. Also note that there is ade- 
lay of at least 90 ns before any command output be- 
comes active after the AEN signal is switched to low 
level. 

System bus mode is used when more than one CPU 
is connected to a single bus, and the bus 1/0, memory, 
etc. are used in common. 


Command Outputs 
_ The advanced write commands (AIOWC and 
AMWC) become active one cycle earlier than normal 


| PinWName | Inpur/outout | uretion 


This pin has two functions. 

MCE (I1OB = Low) master cascade enable function. 

This is an active-high signal and is used to enable a slave PIC (priority in- 
terrupt controller) to read the cascade address output on the data bus by 
the master PIC during an interrupt sequence. 

PDEN (IOB = High) peripheral data enable function. 

This is an active-low signal and is used to enable the data bus transceiver 


m 1/O-MSM82C84A-2RS/GS ua 


write commands (IOWC and MWTC). This prevents the 

CPU from being switched to an additional period of 

wait status. 
INTA (interrupt acknowledge) is output during the 


interrupt acknowledge cycle in the same way as 
MRDC in the read cycle. The purpose of this signal is 
to inform the device which has requested the interrupt 
that the interrupt has been accepted, and requests a 
vector address output on the data bus. 

MRDC — Memory read command 

MWTC — Memory write command 

















1ORC — 1/O read command 

{OwC — 1/0 write command 

AMWC — Advanced memory write command 
AIOWC — Advanced 1/O write command 
INTA — Interrupt acknowledge 


Control! Output 

The control output signals are DEN (Data Enable), 
DT/R (Transmit/Receive), and MCE/PDEN (Master 
Cascade Enable/Peripheral Data Enable). | 

The DEN signal enables the local bus or system 
bus, when it is high. 

The DT/R signal determines the direction of the 
data on the local bus or system bus. 

The function of the MCE/PDEN pin is switched 
according to |OB. The PDEN function is selected in |/O 
bus mode (IOB = high) to provide the !/O or peripheral/ 
system bus data enable signal. When the MCE function 
is selected in system bus mode (I1OB = low), the MCE 
signal is active (high) level at an interrupt acknowledge 
status. 

The MCE signal is used when a master and slave 
interrupt controller exists in the system. 





ALE (Address Latch Enable) 
ALE is generated in each machine cycle to latch 
the current address to the address latch. 


CEN (Command Enable) 

This signal is used to enable command outputs. All 
command outputs become inactive if a low level input is 
applied to the CEN pin. 
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OKI semiconductor 
MSM83C55-XXRS/ GS/JS | 


2048 x 8 BIT MASK ROM WITH I/O PORTS 








GENERAL DESCRIPTION 


The MSM83C55 is a combination of MROM and I/O devices used in a microcomputer system. Owing to the adop- 
tion of the CMOS silicon gate technology, it operates on a power supply as small as 100 A (max.) standby cur- 
rent in the chip non-select status. Since the ROM is composed of 2048 words ~ 8 bits and its access time (max.) 
is 400 ns, it can be applied without using the wait state in the 80C85A system, too. The 1/0 circuit is composed 
of 2 universal !/O ports. Each of these I/O ports has 8 port lines and each of these port lines can be programmed 
as input or output line independently. . 


FEATURES 
@ High speed and low power consumption owing to e Indivisual 1/O port line programmable as input or 
adoption of silicon gate CMOS output 
e@ Composed of 2048 words x 8 bits @ Time division address/data bus 
e 3 ~ 6 V single power supply e@ 40-pin DIP (MSM83C55-xxRS) 
_ @ Address latch circuit incorporated e 44-pin flat package (MSM83C55-xxGS) 
© Provided with 2 universal 8-bit 1/O pers : '@ 44-pin PLCC Package (MSM83C55-xxJS) 
@ TTL Compatible * . @ Direct interface with MSM80C85A (3MHz) 
CIRCUIT CONFIGURATION 





402 
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PIN CONFIGURATION 
Vcc 
MSM83C55-xxRS (Top View) PB, 
40 Lead Plastic DIP PBs 
PBs 
5} PB, \ 
PB3 
4} PB, 
PB, 
PBo 
PA, 
PAg 
Yj PAs 
B} PAg 
PA3 
5B PA, 
PA; 
a} PAo 
A10 
Ag 
Ag 
ggees Siri Fz 
| HU 
N.c cm 33f===> PA, MSM83C55-xxGS (Top View) 
PBg Co 2 2a NC 44 Lead Plastic Flat Package 
PBs C7 3 31[-—— PAg 
PB, C———1 4 30 ——  A10 
PBs, C5 29 "I Ag 
Vcc (6 28 Ag 
cE, ———7 27) GND 
- CE, 78 26 (5 AD, 
cuk C— 9 25 C3 ADs 
RESET C—110 24 ADs 





READY C411 23 N.C 
1213141516 171819 20 21221] - 


a 


Zieo24 38g Sm 
+ oa Oa 
9 |2 ST eerErey 





< 


PB3 
38] PB2 
37} PB1 
PBO 
35 1] PA7 
34 D9 PAG 
33 J PAS 
32 I} PA4 
31} PA3 
30 9 PA2 
29 I] PA1 


MSM83C55-XXJS (Top View) 
44-pin Plastic Leaded Chip Carrier 
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ABSOLUTE MAXIMUM RATINGS 
















imi | 
ae - 
| MSM83C55RS | MSM83C55GS | msmascssus ; 
















ee | | 
Input Voltage =0.5 to Vag + 0.5 
Output Voltage _VouT -0.5toVe, + 0.5; 





OPERATING RANGE 


Operating Temperature -40 to +85 ae 











RECOMMENDED OPERATING RANGE 











V 
26 
ee at 
os fv 





DC CHARACTERISTICS 


“L" Output Voltage | Vou | IoL=2mA 


IQOH=400LA 
een ae 
IOH=-40uA 


Input Leak Current 0<VinSVecc 
Output Leak Current 0< VouT <S Vcc 


CE1 = Vcc-0.2V 
CE2$.0.2V 

Vin 2 Vcc-0.2V 
Vit &0.2V 


10 write 






Typ. 













Vcc=4.5V to 5.5V_ 





Ta=-40°C to +85°C 










Supply Current 






Iccs 


VOL 
VOH 


(standby) - 











Average Supply 






cycle time: 






Current (active) 





1 ws 


Oo : 
= 
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AC CHARACTERISTICS 
(Vcc=4.5V to 5.5V, Ta=-40°C to +85°C) 


[Aeress Hold Time after Lateh 








Address Hold Time after Latch 


' Latch to READ/WRITE Control 
Valid Data Out Delay from READ Control 
Address Stable to Data Out Valid 


Latch Enable Width 
Data Bus Float after READ 


tRDF 


READ/WRITE Control to Latch Enable 








READ/WRITE Control Width 


Data In Hold Time after WRITE 
WRITE to Port Output 
Port Input Setup Time 


Port Input Hold Time 
READY Hold Time 


Address to READY 


Recovery Time between Controls 


Data Out Delay from READ Control 
ALE to Data Out Valid 


Note: Timing is measured at VL = 0.8 V and Vy = 2.2 V for both input and output 
Load condition: Cy. = 150 pF 


tPYH 
taRY 


t 
t 
t 
t 


Data In to WRITE Setup Time | 





Ty 
T2 
tAL 
tLA 
tLc 
AD 
tLL 
tCL 
tcc . 
DW 
WD 
RV 
tRDE 
tLD 








Fig. 1 Clock Signal for MSM83C55 
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As~10 Se —<————x ADDRESS 
~ ADo~7 = —— _ADDRESS, - 


ALE 


= —- 
ces Sas a SAS a, 
ee aes ee ae ER ae 


CE, 


1OR RD 


1OW 


A. Input mode 


DOR 


Port input 


*Data bus 





B. Output mode 


Port output 


*See Figure 2 for the timing of data bus. 





Fig. 3 1/0 Port Timing 


CLK 


(CE.=1) (CE,=0) 


ALE 


READY 





Fig. 4 Wait State Timing (READY = 0) 
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PIN DESCRIPTION 


a 
RESET When this signal becomes high level, ports A and B become the input mode. 


A This pin is used to fetch the AD O0~7, A 8~10, 10/M, CE1, and CE2 signals to their 
C 











respective latch circuits at the fall of the ALE (Address Latch Enable) signal. 



















When GE1 fetched to the latch circuit is high level or CE2 is low level, no read or 
write operation is performed. The AD 0~7 and READY output signals are made into 
the floating status. 






Three-stake bidirectional address/data bus. This bus fetches 8-bit address informa- 
tion to the latch circuit upon the fall of the ALE signal. When CE1 in holding is low 
level and CE2 is high level, data is output from chip to but if RD or IOR is low level 
and it is fetched from bus to chip if IOW is low level. 


DO~7 


A8~10 These are high order bits of ROM address and have no relation to 1/O operation. 


When RD is low level, this pin selects the I/O port if the 10/M in hold is high level 
or ROM if it is low level. 











If RD is low level, the memory data is output to AD O~ 7 when the ROM cycle is 
selected, but the selected port data is output to the same port when the I/O cycle 
is selected. 


The port data selected at low level is output to AD 0O~7. When turned to the low level, 
the [OR becomes the same function as that when !0/M is turned to the high level and 
RD to the low level. When both RD and IOR become high level, the output of ADO~7 
is made into the floating state. ; 


| Tow At the low level, the AD 0~7 data is written to the selected port. 
C This signal is used to generate the READY signal for the generation of 1 wait cycle 
built into the 83C55. 
READY This signal becomes low level when the ALE is high level and the CE1 and CE2 are active. 
it becomes high level at the rise of CLK after the fall of the ALE. 


A 

PAO~7 These are universal 1/O pins and the input/output is determined by the content of the data 
direction register. When writing data to port A, make the chip enable active and turn the 
1OW to low level after selecting AD O, 1 to 0, O. When reading it, turn the 1|OR to low 

V 








level instead of [OW and 10/M to high level. 


: PBO~7 Same as the operation of PAO~7, excepting that ADO is selected to 1 and AD1 to O. 
i (rare ee: 


LE 

E1, CE2 
LK 

, 
cc 


407 


pa 


‘m 1/0-MSM83C55-XXRS/GS/JS 


enn DESCRIPTION 


ROM Block 
The ROM block in the chip is specified in address 


~ by the chip enable and 11-bit address. Upon the fall of © 


the ALE signal, the address and chip enable are fetched 
in the address latch circuit. When the chip enable is 
active and 10/M is low level, 8-bit content of ROM at 
the address held in the address latch circuit is transmitt- 
ed to the bus through the output buffer of AD O~7 upon 
the fall of the RD. 


1/0 Block 

The 1/0 block in the chip is specified in the ad- 
dress by the value of 2 bits of AD O~1 and chip 
enable. Two 8-bit data direction registers (DDR) 
built in the MSM83C55 are used to turn cor- 
responding individual port pins to the input mode or 
output mode. It becomes the input mode when set 
to O and the output mode when set to 1. It is im- 
possible to read the DDR from outside, however. 


OUTPUT 
LATCH 


CLK 


n” 
=) 
a) 
< 
od 
<x 
a) 
za 
<. 
Z 
a 
uw 
kK 
2 


RESET WRITE DDRA 


~ Writing ‘’0’’ to the DDR is equivalent to the 
RESET operation when the port output is put into 
High impedance status and the input mode is speci- 
fied. Note that the data can be written to the ports 
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_ [ Ad: | Ade | 
fk | 
ei. anaes 
i fo 
ace 



















Port A data direction register (DDRA)] 
Port B data direction register (DDRB) 


Upon the fall of 1OW when the chip enable is 
active, the AD O~7 data is written to the I/O port to be 
determined by the value of AD O~1 in hold. During 
this operation, the selected side I/O bits are all sub- 
ject to its influence irrespective of the I/O status 





- and |O/M status. The output level remains un- 


changed until the |OW returns to high level. The 
data can be read from the ports when the chip ena- 
ble in holding is active and I|O/M is high level and 
yet the RD or IOR signal falls. In both input and out- 
put, the data on the selected side exists on the line 
of AD O~ 7. The function of I/O ports and DDR 
(data direction register) is shown in the block dia- 
gram below: 


OUTPUT 
ENABLE 


even if the output pin was already in the high im- 
pedance status (input mode) by the DDR. Likewise, 
it is also possible to read the Gates once set to those 
ports. 


PERIPHERALS 


OKI semiconductor 
MSM5832RS 


REAL TIME CLOCK/CALENDAR 





GENERAL DESCRIPTION 


The MSM5832RS is a metal-gate CMOS Real Time Clock/Calendar for use in bus-oriented: microprocessor 
applications. The on-chip 32.768Hz crystal controlled oscillator time base is divided to provide addressable 4-bit 
1/0 data of SECONDS, MINUTES, HOURS, DAY-OF-WEEK, DATE, MONTH, and YEAR. Data access is 
controlled by 4-bit address, chip select, read, write and hold inputs. Other functions include 12H/24H format 
selection, leap year identification and manual +30 second correction. 

The MSM5832RS normally operates from a 5V +5% supply. Battery backup operation down to 2.2V allows 
continuation of time keeping when main power is off. The MSM5832RS is offered in an 18-lead dual-in-line plastic 
(RS suffix) package. 


FEATURES 

*7 Function — SECOND, MINUTE, HOUR, DAY, * Reference signal outputs — 1024, 1, 1/60, 1/3600Hz 
DAY-OF-WEEK, MONTH, YEAR * 32.768kHz crystal controlled operation 

* Automatic leap year calendar * Single 5V power supply 

° 12 or 24 hour format * Back-up battery operation to Vpp = 2.2V 

* +30 second error correction * Low power dissipation 

* 4-BIT DATA BUS 90 UW Max. at Vpp = 3V 

* 4-BIT ADDRESS 2.5 mW Max. at Vpp = 5V 

* READ, WRITE, HOLD, and CHIP SELECT inputs * 18 pin plastic DIP package 


FUNCTIONAL BLOCK DIAGRAM 





DATA BUS (OUT) 


DATA BUS (IN) Lt | 
es cho tht a0 
a $1 } S10 _ Mu EMI10 H1 /H10 
HOLD He 
COUNT 
wo] W412 11/24 
;7ocRD HOLO o 
eile SECOND MINUTE HOUR 
aa ere Po LL | 
WRITE Q —_ 


+30 ADIJO 


1/10 | 1/6 


[ Aporess J 





DATA corer) way 


DATA | oata Bus \ «in } 


a; is ire al yi 7 Y10 


LF “lf ey 1[° 1/10 
is ree YEAR 


raise ERa Hor 


ADDRESS 


ADDRESS 
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PIN CONFIGURATION 


AO to A3_: Address Inputs 
WRITE : Write Enable . XT 
READ : Read Enable 


HOLD : Count Hold a 


CS : Chip Select — | +30 ADJ 
DO to D3 : Data Input Output TEST 


TEST : Test Input 
£30 ADJ : +30 Second Correction Input one 
XT&XT  : xtal oscillatorconnections D3 
VppD : +5V Supply . D 

GND : Ground : 


D; 





REGISTER TABLE 








Remarks 


S1 or $10 are reset to zero irrespective 
of input data DO—D3 when write _ 
instruction is executed with address 
selection. 
















D2 = ‘'1"’ for PM D3 = “1” for 
24 hour format 

D2 = “0” for AM D3 = “0” for 

12 hour format 






D2 = 1" for 29 days in month 2 


D2 = “0” for 28 days in month 2 (2) 


(1) *data valid as "0" ont” 


Blank does not exist lunrecoynized during a write and held at “0” during a ‘raad) 
tdata bits used for AM/PM, 12/24 HOUR and leap year. 
(2) if D2 previously set to “1'’, upon completion of month 2 day 29, D2 will be internally reset to “0”. 


Table 1 
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OSCILLATOR FREQUENCY DEVIATIONS 


Frequency Deviation vs Temperature 


4 
° 
© 
o>] 
i=) 
o) 
oO 
io) 
- 


= 3V:T 


Vcc 


5V:T = 999999.7 US 


Vcc 





Frequency Deviation vs Supply Voltage 





(0 ppm) 


Sample #1 : T = 1000000.8 US 
Sample #2 : T = 1000000.2 uS 


a TTT TILE ye ye 
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ABSOLUTE MAXIMUM RATINGS a 


| 
v 
x 

[[stoage Terperswwe | tag | —S—S— mo SSC*~=“~*~“‘dSC CS 
















OPERATING CONDITIONS 










Parameter Symbol Typ. 


Supply Voltage 


Standby Supply Voltage 


V 













input Signal Level 






DC CHARACTERISTICS 
(Vcc = 5V 5%; Ta = —30 to +85°C) 


Input Current G) Pot 
Data 1/O Leakage 

Current 

Output Low Voltage von 
Output Low Current Sto 


Operating Supply Current 










Conditions 





ex 
50 | wa | Vinr8V.Vop-sv 
7 


Vi/o = 0 to Vpp 
cS ‘“O"' 


lo = 1.6 mA, CS= "1", 
READ = "1" 


Vo = 0.4V, CS = nq oe 
READ = peace 


p= fm 


























(1) XT, XT and Dy ~ Ds excluded. 
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SWITCHING CHARACTERISTICS 


(1) READ mode 
(Vpp = 5V +5%, Ta= 25°C). 


HOLD Set-up Time 
HOLD Hold Time 
HOLD Pulse Width 


HOLD "L” Hold Time 
READ Hold Time tRH 
ADDRESS HolsTine | tan | | 02 
C, = 15pF 
. Cy. = 15pF 


CS Enable Delay Time , 


CS Disable Delay Time 


READ CYCLE 





Do~D; 
(DATA OUT) 


HIGH IMPEDANCE DATA INVALID 
DATA VALID HIGH IMPEDANCE 


Figure 3 Read Cycle 





Notes:1. A Read occurs during the overlap of a high CS and a high READ. 
2. CS may be a permanent ’’1’’, or may be coincident with HOLD pulse. 
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SWITCHING CHARACTERISTICS 


(2) WRITE mode : | 
(Vpop = 5V +5%, Ta = 25°C) 
Parameter 


D, ~D 
(DATA IN) 


Figure 4 Write Cycle 





Notes:1. A WRITE occurs during the overlap of a high CS, a high HOLD and a high WRITE. 
2. CS may be permanent ‘’1’’, or may be coincident with HOLD pulse. 
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PIN DESCRIPTION 


Power supply pin. Application circuits for power supply are described in 
eee 9. 


Data write pin. Data write cycle is described in Figure 4. 
Data read pin. Data read cycle is described in Figure 3. 


Address input pins used to select internal counters for read/write operations. 
The address is specified by 4-bit binary code as shown in Table 1. 
















Chip slect pin which is required to interface with the external circuit. HOLD, 
WRITE, READ, +30ADJ, TEST, Do ~ Dg and Ag ~ As Pins are activated if 
CS is set at H level, while all of these pins are disabled if CS is set at L level. 









Data input/output pins (bidirectional bus). 
As shown in Figure 5, external pull-up registers of 4.7 kQ ~ 10 kQ are 
required by the open-drain NMOS output. Ds; is the MSB, while Do is the LSB 











S 


MSM5832RS 
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a PERIPHERALS: MSM5832RS a 


Test pin. Normally this pin should be left open or should be set at ground level. 
With CS at Vpp, pulses to Vpp on the TEST input will directly clock the S,, 
Mlio,W, D; and Y; counters, depending on which counter is addressed (W and 
D, are selected by D, address in this mode only). Roll-over to next counter is 
enabled in this mode. 





This pin is used to adjust the time within the extent of + 30 seconds. If 
this pin is set at H level when the seconds digits are O ~ 29, the seconds 
digits are cleared to O. If this pin is set at H level when the seconds digits 
are 30 ~ 59, the second digits will be cleared to O and the minutes digits 
will be increased by +1. To enable this function, 31.25 ms or more width’s 
pulse should be input to this pin. 


Oscillator pin. 32.768 kHz crystal, capacitor and trimmer condensor for fre- 
quency adjustment connected to these pins. See Figure 6. As for oscillator 

frequency deviation, refer to Figure 1 and Figure 2. 

If an external clock is to be used for the MSM5832RS's oscillation source, 

the external clock is to be input to XT, and XT should be left open. 





MSM5832RS 


Figure 6 


Switching this input to Vpp inhibits the internal 1 Hz clock to the S1 coun- 
ter. After the specified HOLD set-up time (150 us), all counters will be in a 
Static state, thus allowing error-free read or write operations. So long as the 
HOLD pulse width is less than 990 ms, real time accuracy will be un- 
disturbed. Pull-down to GND is provided by an internal resistor. 
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REFERENCE SIGNAL OUTPUT PIN 


t : 
Reference Frequency Pulse Width 


(1) 1024 Hz sjgnal at Dy not dependent on HOLD input level. 








APPLICATION EXAMPLE 


8255 PP1 MSM5832RS 


MICROCOMPUTER INTERRUPT 
122 US pulse each second 
(Ag ~ A; and READ = Vpp) 


32.768kHz 
30 pf 


MICROCOMPUTER 33pf = 


SYSTEM BUS C229 





BRE 
Pepe a rapa he 


from power failure 
detection circuit 


22092 


rite YDD +12V 
100 
*30 ADJ Q +5V 


Saint 





*30 sec Adjust ; 
oe 
Ni—Cd 
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APPLICATION CIRCUIT — POWER SUPPLY CIRCUIT 
Open or ground unused pins (pins other than the XT, XT, DO—D3, and BUSY pins). 


'1$1588 Ripple 


Operating state 20 mV P-P 


Backup OmvV 


MSM5832RS 
1.2x3 = 3.6V 
Ni-Cd battery 


VCE(Sat) = 0.1V 


A495 
Operating state 20 mV P-P 


QmvV 


Ni-Cd battery 


100Q2 





MSM5832RS 


1.5x2 =3V 
Dry cell 


(Recommended circuit) 
+V 


- (Power voltage 
approximately 
1.5V higher than 


5V) 
Peripheral 


. it % ) . ' 
circuit power =I MSM5832RS 


3.6V 
Ni-Cd 
battery 





Note: Use the same diodes for D1 and D2 to reduce the level difference between +5V and Vpp of the MSM 5832RS. 
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OKI semiconductor 
MSM58321RS 


REAL TIME CLOCK/CALENDAR 








GENERAL DESCRIPTION > 


The MSM58321RS is a metal gate CMOS Real Time Clock/Calendar with a battery backup function for use in 
bus-oriented microprocessor applications. 

The 4it bidirectional bus line method is used for the data |/O circuit; the clock is set, corrected, or read by 
accessing the memory. . 

The time is read with 4-bit DATA 1/0, ADDRESS WRITE, READ, and BUSY: it is written with 4-bit DATA 
1/0, ADDRESS WRITE, WRITE, and BUSY. 


FEATURES 

* 7 Function-Second, Minute, Hour, Day, Day-of-Week, * 32.768kHz crystal controlled operation 
Month, Year ¢ Single 5V power supply 

« Automatic leap year calender * Back-up battery operation to Vpp = 2.2V 

° 12/24 hour format ¢ Low power dissipation 

* Frequency divider 5-poststage reset SOUW max. at Vop = 3V 

¢ Reference signal output 2.5mW max. at Vpp = 5V 


¢ 16 pin plastic DIP package 


FUNCTIONAL BLOCK DIAGRAM 


5-poststage (01, ~ 0,5) 


5 1024 Hz 


1/60 Hz 
1/3600 Hz 


| NTA Bus 


ADDRESS 


ADDRESS | DECODER 


LATCH 


Rp = 200 KQ. TYP 


MOQ ew PpOMIYAMAWN =a 


ADDRESS «4 
WRITE 
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a PERIPHERALS:-MSM58321RS ug 


PIN CONFIGURATION 


TEST 
STOP 


ee 


BUSY 


ADDRESS WRITE 





REGISTER TABLE 


Sa 
Register p 
Name ount value 


a 


D2 = 1 specifies PM, D2 = O specifies AM, D3 = 1 specifies 24-hour timer, and 
D3 = 0 specifies 12-hour timer. 


When D3 = 1 is written, the D2 bit is reset inside the IC. 












> 
el F 
eal 
6 







The D2 and D3 bits in D10 are used to select a leap year. 


| Gregorian calendar__| 0 _| 
i a Ba 
Rare 
eens 


< 






A selector to reset 5 poststages in the 1/2'5 frequency divider and the BUSY 
circuit. They are reset when this code is latched with ADDRESS LATCH 
and the WRITE input goes to 1. 


A selector to obtain reference signal output. Reference signals are output to 
DO — D3 when this code is latched with ADDRESS LATCH and READ input 
goes to 1. 


E~F 0/1 


= 
° 


Notes: (1) There are no bits in biank fields for data input/output. 0 signals are output by reading and data is not stored by writing because there are no bits. 
(2) The bit with marked @ is used to select the 12/24-hour timer and the bits marked are used to select a leap year. These three bits can be read or 
written. j 
(3) When signals are input to bus tines DO — D3 and ADDRESS WRITE goes to 1 for address input, ADDRESS information is latched with ADDRESS LATCH. 
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ABSOLUTE MAXIMUM RATINGS 








Output voltage | VQ Ta=25 C GND-0.3 ~ Vpp + 0.3 









ie SO ea ee ON << 
[crystal treuoney | rs | = Side 
[operating temperaure | top | «dt Soe 


Note: The data hold voltage guarantees the clock operations, though it does not guarantee operations outside the 
IC and data input/output. 





DC CHARACTERISTICS 
(Vpp = 5 V 5%, Ta = —30 ~ +85°C) 


J inpurvotage Bete 88 
[Vine [= Nore? Wpp-08] 
| Linput voltage | Ma | Ew 
lOL 
| 










ee 

i 
Pomc ae ete fee 
[Cineutcurent ff ov = 

c a ee 
T= 

Note: 1. CS., WRITE, READ, ADDRESS WRITE, STOP, TEST, Do ~ D3 


CS 
CS,,CS,, WRITE, READ, ADDRESS WRITE, STOP, TEST 
Do a D3 


eep 
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= PERIPHERALS: MSM58321 RS 


SWITCHING CHARACTERISTICS 


(1) WRITE mode 
(Vpp = 5 V +5%, Ta = 25°C) 


CS setup time tes | 








CS Hold time 


ae 
reel 
Address setup time | tas. | = 
Address write pulse width | tw of 
Address hold time | otay of 
Data setup time | tps | - | 
Write pulse width lowe | - | 
Data hold time | tH | - | 





H aw 


CS2 L tcs  tAS tAW tAH tDS | tWW tOH 
ia E : Seo ieee : 
one en > So ae eee Genes | 
oe a 
High Impedance 


(ADDRESS/DATA) LA a maitl 
ADDRESS WRITE - 


WRITE 


IC internal! 
ADDRESS 


IC internai DATA 


ADDRESS 


Write Cycle 





Note: ADDRESS WRITE and WRITE inputs are activated by the level, not by the edge. 
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(2) READ mode 
(Vpp = 5 V 5%, Ta = 25°C) 


see Note 1 





VDD 


Note1. tRAa =1 s+ CR In (—————_ 
x a . VpD — Vinh min 


Cs! 


cCs2 tAS tAW tRH]tRA 





DO ~ D3 
(ADDRESS/DATA) 


ADDRESS WRITE High Impedance 


ADDRESS 


Read Cycle 





Note: ADDRESS WRITE and READ inputs are activated by the level, not by the edge. 
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(3) WRITE & READ mode 


CS hold time . | 


















mM 
mM 
mM 


cieiadaar ene 


tcs 
tCH 
tas 
tAW 
TAH 
tww 
tRA 


see Note 1 


a 
a ae ae 


| Max. 
| 
ina 
ot 
aes ae 
= 
ee 
a 
[ee Nes] 
[Rees ete time | 100 r 
[Rees iene [tat , 


V 
Note 1. tra =1ps+CR In ( _ 


Vppb — ViH min 


DATA INVALID 
DATA VALID 





CSs1 
CS2 


DO ~ D3 
(ADDRESS/DATA) 


ADDRESS WRITE High Impedance 


IC internal 
ADDRESS 


IC internal DATA 


Read & Write Cycle 
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= PERIPHERALS: MSM58321RS am 





PIN DESCRIPTION 


| Name | pinno. fo ater 
CS, Chip select pins. These pins enable the interface with the external circuit when 
both of these pins are set at H level simultanuously. 


CS; If one of these pins is set at L level, STOP, TEST, WRITE, READ, ADDRESS 
WRITE pins and Dy ~ Dz pins are inactivated. 
Since the threshold voltage VT for the CS, pin is higher than that for other pins, 
it should be connected to the detector of power circuit and peripherals and CS, 
is to be connected to the microcontroller. 


WRITE 2 WRITE pin is used to write data; it is activated when it is at the H level. Data bus 
data inside the IC is !oaded to the object digit while this WRITE pin is at the H 
| level, not at the WRITE input edge. Refer to Figure 2 below. 


[S1 digit] ; 
™~ & DATA BUS 
CS1 = CS2 =x “HH” ; 
D 
Figure 2 
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= PERIPHERALS: MSM58321RS 0 -——#_ ss 


READ READ pin is used to read data; it is activated when it is at the H level. Address 
contents are latched with ADDRESS LATCH inside the IC at the DO — D3 and 

ADDRESS WRITE pins to select the object digit, then an H-level money is input 
to the READ pin to read data. 
If a count operation is continued by setting the STOP input to the L level, read 
operation must be performed, in principle, while the BUSY output is at the H 
level. While the BUSY output is at the L level, count operations are performed 
by digit counters and read data is not guaranteed, therefore, read operations are 
inhibited in this period. Figure 3 shows a time chart of the BUSY output, 1 Hz 
‘signal inside the 1C, and READ input. 
A read operation is stopped temporarily within a period of 244 Us from the BUSY 
output trailing edge and it is restarted when the BUSY output goes to the H level 
again. 


The counter inside the IC 
starts counting at the 
1 Hz signal leading edge. 


1 Hz (inside IC) 
Read-enabled period 


Read-enabled 
period 


Read- inhibited period 


Read operation is enabled in this period: 
however, it is used for program switching. 





BUSY 


1 Hz (inside IC) 


READ input 


If the counter operation is stopped by setting the STOP input to the H level, read 
operations are enabled regardless of the BUSY output. 

A read operation is enabled by microcomputer software regardless of the BUSY 
output during the counter operation by setting the STOP input to the L level. 

In this method, read operations are performed two or more times continuously . 
and data that matches twice is used as guaranteed data. | 
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Data input/output pins. (Bidirectional bus). The output is a open-drain type and 
4.7 kQ ~ 10 kQ pull-up registers are required utilize these pins as output 
pins. 





ADDRESS . ADDRESS WRITE pin is used to load address information from the DO — D3 * 
WRITE ‘ 1/0 bus pins to the ADDRESS LATCH inside the IC; it is activated when it is 
at the H level. This input is activated by the level, not by the edge. Figure 4 shows 
the relationships between the DO address input, ADDRESS WRITE input, and 
ADDRESS LATCH input/output. 


D, input foe (a) eee ORME Cees 

ADDRESS WRITE ee: ae Sens Ce eevee: (nl Cd 

Dig eee el 

ADDRESS LATCH L SN ee. 
(inside IC) 

DO > Tete ee 


LATCH output , 

Figure 4 

BUSY BUSY pin outputs the IC operation state. It is N-channel MOSFET open-drain 
output. An external pull-up resistor of 4.7 kQ. or more must be connected (see 
Figure 5) to use the BUSY output. The signals are output in negative logics. If 
the oscillator oscillates at 32.768 kHz, the frequency is always 1 Hz regardless of 
the CS1 and CS2 unless the D output of the ADDRESS DECODER inside the IC 
is H (CODE = H-L*H+H) and CS1 = CS2 = WRITE = H. 
Figure 6 shows the BUSY output time chart. 


(peripheral circuit power) 


S +5V ~ 


' 
4.7 kQ or more 





The counter inside the IC 
starts counting at the 
1 Hz signal leading edge. 


1 Hz (inside !C) 


Read/write-inhibited period 


BUSY 


1 Hz 
(inside IC) 


Figure 6 
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The STOP pin is used to input on/off control for a 1 Hz signal. When this 
pin goes to the H level, 1 Hz signals are inhibited and counting for all digits 
succeeding the $1 digit is stopped. When this pin goes to the L level, nor- 
mal operations are performed; the digits are counted up. This STOP input 
controls stopping digit counting. Writing of external data in digits can be as- 
sured by setting the STOP input to the H level to stop ae: then writ- 
ing sequentially from the low-order digits. 


The TEST pin is used to test this IC; it is normally open or connected to GND. It 
is recommended to connect it to GND to safeguard against malfunctions from 
noise. 

The TEST pulse can be input to the following nine digits: 

$1, S10, M110, H1, D1(W), MO1, Y1 and Y10 

When a TEST pulse is input to the D1 digit, the W digit is also counted up 
simultaneously. 


Input a TEST pulse as follows: 
Set the address to either digit explained above, then input a pulse to ‘the TEST pin 
while CS1 = CS2 = STOP = H and WRITE = L. The specified and succeeding digits 
are counted up. (See Figure 7) 


Rp = 200 k92 TYP 
Figure 7 
A digit is counted up at the leading edge (changing point from L to H) of a TEST 


pin input pulse. The pulse condition for TEST pin input at Vpp = 5 V +5% is 
described in Figure 8 below. 


tH = 10KS MIN .- 


a 


tL =10HS MIN — 


Figure 8 
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fname | pins, fo eserptiom 


XT baa Oscillator pin. A 32.768kHz crystal oscillator, capacitor and trim capacitor for’ 
frequency adjustment are to be connected as shown in Figure 8 below. 














Reg = 10MQ typ 


Rg = 200 KQ typ 











GND or Vpp 


| RS MSM58321RS 


X-TAL 32.768 kHz, The crystal impedance is 30 kQ or less. 


Figure 8 





If an external clock is to be used for MSM58321 RS's oscillation source, the 
external clock is to be input to XT, while XT should be left open. Refer to the 
Figure 9 below. 





MSM58321RS 


Figure 9 
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REFERENCE SIGNAL OUTPUT 


Reference signals are output from the DO — D3 pins under the following conditions: 











ADDRESS = E or F 1/3600 Hz 122.1 Us Negative logic 





488.3US 488.3US a 


1024 Hz 


1 Hz 


1/60 Hz 
1/3600 Hz 


1 Hz 
(inside IC) 


BUSY 


244US 122uUSb61pS 


1073 
32,768 * 

1073 
32,768 * 


122.1uS = 4 


488.3US = 16 


Figure 10 
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APPLICATION NOTES 


« WRITE and STOP 


Note that the timing relationships between the STOP and WRITE inputs vary by the related digit when counting 
is stopped by the STOP input to write data. The time (ts}j) between the STOP input leading edge and WRITE 
input trailing edge for each digit is limited to the minimum value. (See Figure 11) 


at Vpop =5V+t 5% 
sTop =| a 
Si: Si MI1 Mito Ht Hio DiCW) Dio MO1 MOw Yi Yo 
WRITE l 2] 13 4} 15] |6 i 8 9{ 10} fii} f12 
tsHSs1 


tsHs10 


~~. __ tsnyno 


Write-inhibited period 


Figure 11 





tsHs1 = 1s, tsHsi0 = 2s, tsHMi1 = 3s, tsHm10= 4s, tSHH1 = 5s 
tSHH10 =6 Us, tsHD1 =7 Hs, tsHw'= 7s, tsHD10 = 8 Hs, tsHmo1 = 9s 
tSHMO10 = 10 Us, tsHy1 = 11 Us, tsHy10 = 12 Us. 
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If a count operation is continued by setting the STOP input to the L level, write operation must be performed, 

jn principle, while the BUSY output is at the H level. While the BUSY output is at the L level, count operations 

are performed by the digit counters and write operation is inhibited, but there is a marginal period of 244 Us from 

the BUSY output trailing edge. If the BUSY output goes to the L level during a write operation, the write operation 

is stopped temporarily within 244 Us and it is restarted when the BUSY output goes to the H level again. Figure 12 
shows a time chart of BUSY output, 1 Hz signal inside the !C, and WRITE, input. 


BUSY 


1 Hz (inside IC) 


WRITE input 


Figure 12 





= Frequency divider and BUSY circuit reset 


If AO—A3 = HeL«HeH is input to ADDRESS DECODER, the DECODER output (D) goes to the H level. If 
CS1 = CS2 = H and WRITE = H in this state, the 5 poststages in the 15-stage frequency divider and the BUSY circuit 
are reset. : 

In this period, the BUSY output remains at the H level and the 1 Hz signal inside the IC remains at the L level, 
and counting is stopped. If this reset is inactivated while the oscillator operates, the BUSY output goes to the 
L level after 1000.1221 +31.25 ms and the 1 Hz signal inside the IC goes to the H level after 1000.3663 +31.25 ms. 
These times are not the same because the first ten stages in the 15-stage frequency divider are not reset. (See 
Figure 13) 


15-stage 
frequency 
divider 


: " q1~ 10 stage 
32,768 kHz 
+ 


From ADDRESS DECODER 


AO A1 A2 A3 
H L H H 


Ors ; a 


(inside IC) 


1 Hz 
(inside IC) 


RESET (inside IC) 

_ tt = 1000.1221 + 31.25 ms 
t2 = 1000.3663 + 31.25 ms 
t3 = 1000 + 31.25 ms 





Figure 13 


434 


— 41 PERIPHERALS: MSM58321RS op 


= Selection of leap year 


This IC is designed to select leap year automatically. 

Four types of leap years can be selected by writing a select signal in the D2 and D3 bits of the D10 digit (CODE 
= LeL+LeH). (See Table 1 for the functions.) 

Gregorian calendar, Japanese Showa, or other calendars can be set arbitrarily in the Y1 and Y2 digits of this IC. 
There is a leap year every four years and the year number varies according to whether the Gregorian calendar or 
Showa is used. There are four combinations of year numbers and leap years. (See the Table below). 


No.1: Gregorian calendar year. The remainder obtained by dividing the leap year number by 4 is 0. 
No. 2: Showa year. The remainder obtained by dividing the leap year number by 4 is 3. 

No. 3: The remainder obtained by dividing the leap year number by 4 is 2. 

No.4: The remainder obtained by dividing the leap year number by 4 ts 1. 


Leap years (examples) 


1980, 1984, 1988, 1992, 
1996, 2000, 2004 


(83) (87) (91) (95) (99) 
55, 59, 63, 67, 71, 
75, 79 


82, 86, 90, 94, 98, 
102, 106 


85, 89, 93, 97, 
san, 105 
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APPLICATION EXAMPLE - POWER SUPPLY CIRCUIT 


Ve = 0.69V 


181588 Ripple 


Operating state 20 mV P-P 


Backup OmvV — | 


MSM58321RS 
1.2x3 = 3.6V 
Ni-Cd battery 


VCE(Sat) = 0.1V 


A495 | 
Operating state 20 mV P-P 


OmvV 


1.2x3 = 3.6V 
Ni-Cd battery 


10092 





MSM58321RS 


1.5x2 = 3V 
Dry cell 


(Recommended circuit) 
+V 


(Power voltage 

approximately 

1.5V higher than. Peripheral 
5V) circuit power) 


MSM58321RS 


3.6V 
Ni-Cd 
battery 





Note: Use the same diodes for D1 and D2 to reduce the level difference between +5V and Vpp of the MSM58321RS. 
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OKI semiconductor 
MSM6242RS/GS 


DIRECT BUS CONNECTED CMOS REAL TIME CLOCK/CALENDAR 
GENERAL DESCRIPTION 





The MSM6242 is a silicon gate CMOS Real Time Clock/Calendar for use in direct bus-connection Micro- 
processor/Microcomputer applications. An on-chip 32.768KHz crystal oscillator time base is divided to provide 
addressable 4-bit !/O data for SECONDS, MINUTES, HOURS, DAY OF WEEK, DATE, MONTH and YEAR. Data 
access is controlled by 4-bit address, chip selects (CSO, CS1), WRITE, READ, and ALE. Control Registers D, E 
and F provide for 30 SECOND error adjustment, INTERRUPT REQUEST (IRQ FLAG) and BUSY status bits, clock 
STOP, HOLD, and RESET FLAG bits, 4 selectable INTERRUPTS rates are available at the STD.P (STANDARD 
PULSE) output utilizing Control Register inputs TO, T1 and the ITRPT/STND (INTERRUPT/STANDARD), 
Masking of the interrupt output (STD.P) can be accomplished via the MASK bit. The MSM6242 can operate in 
a 12/24 hour format and Leap Year timing is automatic. 

The MSM6242 normally operates from a 5V + 10% supply at —30 to 85°C. Battery backup operation down 
to 2.0V allows continuation of time keeping when main power is off. The MSM6242 is offered in a 18-pin 
plastic DIP and FLAT package. 


FEATURES 
DIRECT MICROPROCESSOR/MICROCONTROLLER BUS CONNECTION 
TIME MONTH DATE YEAR DAY OF WEEK 
23:59:59 12 31 80 | 7 
¢ 4-bit data bus * 12/24 hour format 
¢ 4-bit address bus e Auto leap year 
* READ, WRITE, ALE and CHIP SELECT ¢ +30 second error correction 
INPUTS ¢ Single 5V supply 
¢ Status registers — |RQ and BUSY ¢ Battery backup down to Vpp = 2.0V . 
¢ Selectable interrupt outputs — 1/64 second, ¢ Low power dissipation: 
1 second, 1 minute, 1 hour 20 UW max at Vpp = 2V 
¢ Interrupt masking 150 UW max at Vpp = 5V 
* 32.768K Hz crystal controlled operation | * 18-pin plastic DIP package 


FUNCTIONAL BLOCK DIAGRAM 


xT 
: Hz 
32.768K Hz Six _psc COUNTER ] 
a 


RESET STOP 30 ADJ HOLD BUSY 
bit bit bit bit bit 





30 sec 
ADJ bit 24/12 bit 


eee) 
HEHE 
al 


ATE 


bw 


RS ico ge 


64Hz _ 
1-sec carry 
1-min carry 


Ep Ea poe a 





| 
DECODER 


*S,~W~Y, are time counter register 
*Cy~CF are control register 
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PIN CONFIGURATION 


Address input 

Data input/output 

CHIP SELECTS 0, 1 

READ enabie 

WRITE enable 

Address latch enable 

Standard pulse output 

XTAL oscillator input/output 
 +5V supply 

ground 


18 pin Plastic DIP Package 





REGISTER TABLE 






Address Input 


Address 
















Register Pesccipron 
Name 


li | PM/AM, 10-hour digit 
register 


Control Register D 


Control Register E 
Control Register F 












REST = RESET 
ITRPT/STND = INTERRUPT/STANDARD 


Note 1) — Bit * does not exist (unrecognized during a write and held at ‘’0’’ during a read). 

Note 2) — Be sure to mask the AM/PM bit when processing 1.0’s of hour's data. 

Note 3) — BUSY bit is read only. He !1RO FLAG bit can only be set to a ‘0’. Setting the TRO FLAG toa "1" is . 
done by hardware. 
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OSCILLATOR FREQUENCY DEVIATIONS 





Ta =25°C 
0 
= = 324 
Oo. a. 
2 —50 na 
= = 9 
3 <J 
—3 
—100 —4 
—60 -40 -—-—20 0 20 40 + 60 80 0 1 2 3 4 5 6 
Ta (°C) Vpp(v) 
Figure 2. Frequency Deviation (PPM) vs Temperature - Figure 3. Frequency Deviation (PPM) vs Voltage 


Note: 1. The graphs above showing frequency deviation vs temperature/voltage are primarily characteristic of the 
MSM6242 with the oscillation circuit described below. 





Crystal: Type No, P3 by kinseki (32.768 KHz) 


CG. Cp: 22pF (Temperature Characteristics: 0) 
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ELECTRICAL CHARACTERISTICS 
“ABSOLUTE MAXIMUM RATINGS 


[_fermeter——«Symbot | conaiton ating mk 
v 












3~ 7 
Output Voltage GND.-0.3~Vpp+03 . a 





OPERATING CONDITIONS 






















V 
| Crystal Frequency } (XT) 32.768 


D.C. CHARACTERISTICS 
Vpp = 5V + 10%, Ta = —30 ~ +85 


“H" Input Voltage ViH1 


“L” Input Voltage Vit 


Input Leak Current | 
V1 = Vpp/0v 
Input Leak Current ILK2 po 


“L” Output Voltage VOL2 


F Input frequency 
Input Capacitance Cy, 

: 
Current Con- = 7 
sumption 
Current Con- 
sumption 








Typ. Unit 


Applicable 
Terminal 
All input termin- 
als except CS, 





















Input terminals 
other than 
Do ~ D; 


STD.P 
a 
terminals 


MA VDD 


V 


Eo 
Eo 


~ 






““H”’ Input Voltage Vin2 
“"L’’ Input Voltage 
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SWITCHING CHARACTERISTICS 


(1) WRITE mode (ALE = Vpp) 
(Vpp = 5V £ 10% = Ta = —30 ~ +85°C) 





Vint = 2.2V 
Vit1 = 0.8V 
ViH1 : 
sense Vv = 4/5V 
wa 1H2 = 4/5Vpp 
Vit2 = 1/5Vpp 
tos tDH 
Do ~ Dg ViHI~ 
(INPUT) Viti = 





Figure 4. Write Cycle — (ALE = VDD) 


_ (2) WRITE mode (With use of ALE) 
(Vpp = 5 V + 10%, Ta = —3C) 


tas 
tAH 
tAW 
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CS). 


CSo 


Vini = 2.2V 
Viti = 0.8V 


Vin2 = 4/5Vpp 
Vit2 = 1/5Vpp 


ALE 
Wr 


Do ies D3 
(INPUT) 


Figure 5. Write Cycle — (With Use of ALE) 





(3) READ mode (ALE = Vpp) 
(Vpp = 5V + 10%, Ta = —30 ~ +85°C) 


Address Stable Before 
READ : 


Address Stable After 


tAR 
RD to Dat me 


ViH1 = 2.2V 
Vit1 =0.8V 
cS, , | Vin2 = 4/5Vpp 
Vit2 = 1/5Vpp 
Sols _ VoH= 2.2V 
RD VoL =0.8V 


Do sa Ds 
(OUTPUT) 


Figure 6. Read Cycle — (ALE = VDD) 
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(4) READ mode (With use of ALE) 
(Vpp = 5V +10%, Ta = —30~+85°C) 


ALE Pulse Width ; taw | 









tRAL 


. tas 
tw | = 
ALE Before READ Po otarm | = 
| tRaL 
RD to Date | tao | CL 1500F 


CS, Hold Time 





CS, ViH2 So tas tAH 
tc1s —~ tc1H 
Ao ~ As Vind — h 
at a — 
0 1L1 Vit1 =0.8V 
taw —> Vino = 4/5V 
Vint _ oo = ae 
ALE Vitd — i1L2 = 1/5Vpp 
VOH = 2.2V 
t t 
= Vind — ALR RAL VoL = 0.8V 
RD 
ViLt1 — 
* tOR 


(OUTPUT) VOL —- 


Figure 7. Read Cycle — (With Use of ALE) 
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4 


= 
2 
w, 
m 
” 
2) 
3 
= 
= 
e) 
2 


Data Input/Output pins to be directly connected to a microcontroller bus for 
reading and writing of the clock/calendar’s registers and control registers. DO = LSB 
and D3 = MSB. 














-_ 
ie) 


° 


; | 4.4 : PPP PPR PPLE 


oy 


Address input pin for use by a microcomputer to select internal clock/calendar’s 
registers and control registers for Read/Write operations (See Function Table 
Figure 1). Address input pins AO-A3 are used in combination with 'ALE for 
addressing registers. 


= 


w 


Address Latch Enable pin. This pin enables writing of address data when ALE = 1 
and CSO = O; address data is latched when ALE = 0 Microcontroller/Micro- 

processors having an ALE output should connect to this pin; otherwise it should 
be connected at Vpp. 









Writing of data is performed by this pin. 
When CS, = 1 and CSp =0, Dp ~ D3 data is written into the register at the rising 
edge of WR. 









Reading of register data is accomplished using this pin. When CS, = 1, CSp =0 
and RD = O, the data of the register is output to Dp ~ D3. If both RD and WR are 
set at O simaltanuously, RD is to be inhibited. 









Chip Select Pins. These pins enable/disable ALE, RD and WR operation, CS» 
and ALE work in combination with one another, while CS; work independent 
with ALE. CS, must be connected to power failure detection as shown in Figure 
18. 


Output pin of N-CH OPEN DRAIN type. The output data is controlled by the 
D, data content of Cg register. This pin has a priority to CS, and CS. 
Refer to Figure 9 and FUNCTIONAL DESCRIPTION OF REGISTERS. 


ar 








N 
N 


32.768 kHz crystal is to be connected to these pins. 

When an external clock of 32.768 kHz is to be used for MSM6242's oscillation 
source, either CMOS output or pull-up TTL output is to be input from XT, while 
XT should be left open. : 


Power supply pin. +2 ~ +6V power is to be applied to this pin. 


~“ 
nN 
wW 


a x< n OQ 
+ a 

0 

uv 





VppD 


STD.P OUTPUT 


C, = C,= 15~ 30pF | 


‘The impedance of the crystal should be less than 30kQ. 


Figure 8. Oscillator Circuit Figure 9. 


A. 
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FUNCTIONAL DESCRIPTION OF REGISTERS 
= §,S,,,MI,,MI,,,H,,H,,,D,,D,,,MO,,MO,°,Y,,Y,5.W 


10’ 10’ 10’ 10’ 10’ 10’ 


a) These‘are abbreviations for SECOND1, SECOND10, MINUTE1, MINUTE10, HOUR1, HOUR10, DAY1, 
DAY10, MONTH1, MONTH10, YEAR1, YEAR10, and WEEK. These values are in BCD notation. 

b) All registers are logically positive. For example, (S8, S4, S2, S1) = 1001 which means 9 seconds. 

c) If data is written which is out of the clock register data limits, it can result in erroneous clock data being read 
back. 

d) PM/AM, hoo, hio 
In the mode setting of 24-hour mode, PM/AM bit is ignored, while in the setting of 12-hour mode hzo is to be 
set. Otherwise it causes a discrepancy.!In reading out the PM/AM bit in the 24-hour mode, it is continuously read 
out as QO. In reading out hz» bit in the 12-hour mode, 0O is written into this bit first, then it is continuously read 
out as O unless 1 is being written into this bit. 

e) Registers Y1, Y10, and Leap Year. The MSM6242 is designed exclusively for the Christian Era and is capable 
of. identifying a leap year automatically. The result of the setting of a non-existant day of the month is shown 
in the following example: If the date February 29 or November 31, 1985, was written, it would be changed 
automatically to March 1, or December 1, 1985 at the exact time at which a carry pulse occurs for the day’s 
digit. 

f) The Register W data limits are O—6 (Table 1 shows a possible data definition). 


TABLE 1 


Saturday 





Using HOLD Bit Not Using HOLD Bit 


Ss, ~W 
= 


DATA 1 = DATA 2 


BUSY Bit = 0? 


Write data into 
or Read data from 
registers S, ~W 


HOLD Bit <0 


Figure 10. Reading and Writing of Registers S, ~W 
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Reading Method 2 when Not Using HOLD Bit 


| Initialization only at power ON 

t, «— *1 

ty — *2 time unit. 

ITRPT/STNT @ 1 For example: 

MASK «——~ 0 t, = Oandt, = 1 when required to a 

unit of second; 

t, = 1 and t, = 0 when required to a 
unit of minute; and 


e*1 and *2 represent the minimum required 








Reading Method 3 when Not Using HOLD Bit 


Initialization only at power ON 
e*1 and *2 represent the minimum required 
t, «— *1 time unit. 
For example: 
t, = Oandt, = 1 when required to a 
unit of second; 
t, = 1 andt, = 0 when required to a 
unit of minute; and 


to <——— *2 


ITRPT/STND 1 


t, = 1 and t, = 1 when required to a CPU senses the t, = 1 andt, = 1 when required to a 
unit of hour ze interruption. unit of hour 


Retried the reading, since a ; 
carry occurred during the” 
operation. 


See Note 
‘ below 


The other !C causes 
! the interruption. 
’ 


e 
™ The interruption is caused by 
this IC due to the occurrence 
of acarry. 


(Note) Do this process within the following 
time requirements by combination 
between t, and t,: 


TIME DATA READ 
IRQ FLAG 0 — aw ame Fhe IRQ FLAG is cleared to 
' read the next time data. : 


t, =Oandt, =1... Less than 1 second 
t, = 1andt, =O... Less than + minute 
t, = 1andt, = 1... Less than 1 hour 
t 


> 12 HOUR MODE ... 35S 
24 HOUR MODE... 3yS 


Normal read 





# ‘CD REGISTER (Control D Register) 


a) HOLD (DO) — Setting this bit to a ‘1"’ inhibits the 1Hz clock to the S1 counter, at which time the Busy status 
‘bit can be read. When Busy = 0, register’s S: ~ W can be read or written. During this 
procedure if a carry occurs the S1 counter will be incremented by 1 second after HOLD = 0 
(this condition is guaranteed as long as HOLD = 1 does not exceed 1 second in duration). If 
CS1 =0 then HOLD = 0 irrespective of any condition. N 


b) BUSY (D1)— Status bit which shows the interface condition with microcontroller/microprocessors. As for 
the method of writing into and reading from S, ~ W (address @ ~ C), refer to the flow chart 
described in Figure 10. 


c) IRQ FLAG (D2) — This status bit corresponds to the output level of the STD.P output. When STD.P = 0, then 
IRQ = 1; when STD.P =1, then IRQ =0. The IRQ FLAG indicates that an interrupt has occurred 
to the microcomputer if IRQ = 1, When DO of register Ce (MASK) = 0, then the STD.P output 
changes according to the timing set by D3 (t,) and D2 (to) of register E. When D1 of register E 
(ITRPT/STND) = 1 (interrupt mode), the STD.P output remains low until the IRQ FLAG is 
written to a “O". When IRQ = 1 and timing for a new interrupt occurs, the new interrupt is 
ignored. When ITRPT/STND = O (Standard Pulse Output mode) the STD.P output remains low 
until either ‘’0" is written to the IRQ FLAG; otherwise, the 1RQ FLAG automatically goes to 
“O” after 7.8125 ms. 


When writing the HOLD or 30 second adjust bits of register D, it is necessary to write the IRO 
FLAG bit to a ‘'1"’. 


d) +30 ADJ (D3) —When 30-second adjustment is necessary, a ‘1’ is written to bit D3 during which time the 
internal clock registers should not be read from or written to 125s after bit D3. = 1 it will 
automatically return to a ‘’0"’, and at that time reading or writing of registers can occur. 
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START . START 


30—SECOND 30—SECOND 
ADJ BIT = 1 ADJ BIT =1 


READ 30—SECOND 
ADJ BIT 


30—SECOND 
ADJ BIT =0? 


(A) 
Figure 11. Writing 30-Second Adj. bit (Two Ways A, B) 





\ 


= CE REGISTER (Control E Register) 


a) MASK (DO) —_ ‘This bit controls the STD.P output. When MASK = 1, then STD.P = 1 (open); when MASK = 0, 


then STD.P = output mode. The relationship between the MASK bit and STD.P output is shown 
Figure 12. 


b) INTRPT/STND (D1) — The INTRPT/STND input is used to switch the STD.P output between its two modes 


of operation, interrupt and Standard timing waveforms. When INTRPT/STND Oa fixed cycle 
waveform with a Jow-level pulse width of 7.8125 ms is present at the STD.P output. At this time 


the MASK bit must equal O, while the period in either mode is determined by TO(D2) and T1(D3) 
of Register E. 





c) TO (D2), Ti (D3) — These two bits determine the period of the STD.P output in both Interrupt and Fixed timing 


waveform modes. The tables below show the timing associated with the TO, T1 inputs as well as 
their relationship to INTRPT/STND and STD.P. 


“qe 












“INTERRUPT” DOES eh al 1"' QUTPUT DOES NOT OCCUR 
NOT OCCUR BECAUSE 


ae nis | Be LOW LEVEL BECAUSE 
MASK BIT 1S ‘1” MASK BIT 0 ) MASK BIT IS CI 


OPEN STO.P 


MASK BIT "0" 


STD.P OUTPUT 







OPEN 
OUTPUT 





i] 
t ‘ 
beens = =LOWLEVEL 
OUTPUT TIMING 
AUTOMATIC RETURN 


enneweme | OW LEVEL 

“INTERRUPT” TIMING 
RITE “0" INTO IRQ FLAG BIT 
INTRT/STND BIT =‘1" 


INTRT/STND BIT = "0" 


Figure 12. 


Duty CYCLE of ’’0”’ level when 
ITRPT/STND bit is “0”. 


1/64 second. 1/2 


1 second 1/128 
1 minute 1/7680 
_ 1 hour 1/460800 





TABLE 2 
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The timing of the STD.P output designated by T1 and TO occurs the moment that a carry occurs to a clock digit. 


(EXAMPLE) WHEN t;= 1, t) = 1 and MASK =. 
| — Ls PM1:00 | 


WHEN ITRPT/STND J} J] ae eel 
BIT is ‘1°’ mae oe ee LEVEL 


, STD.P OUTPUT | 
WHEN ITRPT/STNDy 


wa LOW LEVEL 


d) The low-level pulse width of the fixed cycle waveform (I TRPT/STND = O) is 7.8125 ms independent of TO/T1 
inputs. 





e) The fixed cycle waveform mode can be used for adjustment of the oscillator frequency time base. (See Figure 14). 


f) During +30 second adjustment a carry can occur that will cause the STD.P output to go low when TO/T1 = 1,0 
or 1,1. However, when T1/TO = 0, 0 and ITRPT/STND = O, carry does not occur and the STD.P output resumes 
normal operation. . 


g) The STD.P output is held (frozen) at the point at which STOP = 1 while ITRPT/STND = 0. 
h 


— 


No STD.P output change occurs as a result of writing data to registers S1 ~ H1. 


= Cf REGISTER (Control F Register) 


a) REST (DO)— = This bit is used to clear the clock’s internal divider/counter of less than a second. When 
“RESET” REST = 1, the counter is Reset for the duration of REST. In order to release this counter from 
Reset, a ‘‘O0’’ must be written to the REST bit. If CSO = 0 then REST = 0 automatically. 


b) STOP (D1)— The STOP FLAG Only inhibits carries into the 8192Hz divider stage. There may be up to 122uUs 
delay before timing starts or stops after changing this flag; 1 = STOP/O = RUN. 





STOP BIT 
"0" 


TIMING OF \ | 
“CARRY” ! | | 
TO 8192Hz | 


“CARRY” EXECUTED} 


Figure 13 “CARRY” NOT EXECUTED 1 





c) 24/12(D2)— This bit is for selection of 24/12 hour time modes. If D2 = 1—24 hour mode is selected and the 
PM/AM bit is invalid. !f D2 = O—12 hour mode is selected and the PM/AM bit is valid. 


“24 HOUR/ Setting of the 24/12 hour bit is as follows: 
12 HOUR” 1) REST bit = 1 
2) 24/12 hour bit = 0 or 1 
3) REST bit =0 
- * REST bit must = 1 to write to the 24/12 hour bit. 


d) TEST (d3) — —_ When the TEST flag is a ’1'’, the input to the SECONDS counter comes from the counter/divider 
stage instead of the 15th divider stage. This makes the SECONDS counter count at 5.4163KHz 
instead of 1Hz. When TEST = 1 (Test Mode) the STOP & REST (Reset) flags do not inhibit © 
internal counting. When Hold = 1 during Test (Test = 1) internal counting is inhibited; however, 
when the HOLD FLAG goes inactive (Hold = 0) counter updating is not guaranteed. 

~~ 
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TYPICAL APPLICATION INTERFACE WITH MSM6242 AND 
MICROCONTROLLERS 


8085 MSM6242 8085. MSM6242 


4. 





DECODER 











MEMORY MAPPED. 1/O MAPPED 


Figure 15. 





280 MSM6242 





Figure 16. | Figure 17. 
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TYPICAL APPLICATIONS — INTERFACE WITH MSM80C49 


S - 4.7 uP (tantalum) 
— LITHIUM: aed 
— BATTERY =x 


* (VEWD = <0.3V) 
i.e. GERMANIUM 
DIODE 


a 
\/ 






15pf 


a 





VoD 
XxX INT 
i 
153 wre ES ag CR NO Oe ee 










| 





X, : WR 
MSM 
, 5 — 35pf 
80C49RS - 4/14 
DB, : 
13 5/13 
DB, 
14 
DB, 
TR1 = 2N2907 © 
TR2 = 2N2907 
TR3 = 2N2222 
® = 1N4148 


RS232 
DB25 
CONNECTOR 


RS232 
INTERFACE 


| 
ee ee 


Figure 18. 
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APPLICATION NOTE 


1. Power Supply 


Vpp = 5V 





“== STDP 
Output = undefined 


TEST Bit 
REST Bit <1 
24/12 Bit 
STOP Bit 


Set the current 
time 

HOLD Bit <0 

STOP Bit <0 










1*=2* 
(1 or O) 






Start Operation 


2. Adjustment of Frequency 





Screwdriver 


Cp, Cr = (0, 0, 0;0) 
Ce = (t;, tp, 0, O) 


Cp ~ CF are to be set at as described in the 
figure and the capacitor is to be adjusted 

to meet the settle frequency of tp andt; . 

If the right oscillation can not be obtained, 


1. Check the waveform of XT 
2. Check Cp ~ Cr content 2, 20.3 INCH 
3. Check the noise. 2, = 0.2 INCH 


@) ©): INHIBIT 
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3. CH, (Chip Select) 
Vit and VIL of CH, has 3 functions. 


a) To accomplish the interface with a microcontroller/microprocessor. 
b) To inhibit the contro! bus, data bus and address bus and to reduce input gate pass current in the stand-by eéa: 
c) To protect internal data when the mode is moved to and from standby mode. 


To realize the above functions: 


a) More than 4/5 Vpp should be applied to the MSM6242 for the interface with a microcon- 
troller/microprocessor in 5V operation. 

b) In moving to the standby mode, 1/5 Vpp should be applied so that all data buses should be 
disabled. In the standby mode, approx. OV should be applied. 

c) To and from the standby mode, obey following Timing chart. 


_ To Standby Mode From Standby Mode 





4. Set STD.P at arlarm mode 


Set alarm at 9:00 





MASK BiT <0 
{TRPT/STND BIT < 1 
ti ’ to ve 1 
| Start interruption 


/~ CPU Activation 


Read Register Rp 


Read Hio and 
H, Content 


AM 9:00? 


CPU HALT 
or 
CPU STAND BY 
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TYPICAL APPLICATION — POWER SUPPLY CIRCUIT 


RIPPLE 
OPERATING: 20 mv P—P 
BATTERY BACKUP: O mv 


— _ 12X3=3.6V 1.5X2=3V 


— Ni—Cd DRY CELLS 


—— 1.2x3=36v 
— Ni-Cd 





Figure 21. 
4.7 wF: tantalum 





SUPPLEMENTARY DESCRIPTION 


O When ‘'0”’ is written to the [RO FLAG bit, the IRO FLAG bit is cleared. However, if ‘‘0’’ is assigned to the 
IRQ FLAG bit when written to the other bits, the 30-sec ADJ bit and the HOLD bit, the IRQ FLAG = 1 and 
was generated before the writing and IRO FLG = 1 generated in a moment then will be cleared. To avoid 
this, always set '’1’’ to the IRQ FLAG unless ’’0”’ is written to it intentionally. By writing ‘’1’’ to it, the IRO 
FLAG bit does not become ’'1’’. 


O Since the IRQ FLAG bit becomes '’1”’ in some cases when rewriting either of the t1, to, or ITRPT/STND bit 
of register Ce, be sure to write ’’0’’ to the IRQ FLAG bit after writing to make valid the IRQ FLAG = 1 to 
be generated after it. 


O The relationship between SDT. P OUT and IRO FLAG bit is shown below: 


ie 5 aaa 
STD. P OUT See ee 


IRQ FLAG bit 


approx. 1.95 ms 
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Note: Product data and specification infarmation herein are subject to 
change without advance notice for the sake of technical improvements in 
performance and reliability since OKI is permanently endeavoring to supply 
the best products possible. The manufacturer does not assume responsibil- 
ity for customer product designs and for the fitness to any particular 
application, nor for patent rights or other rights of third parties and infringe- 
ments thereof resulting from the use of his products. This publication does 
not commit immediate availability of the products(s) described by it. If in 
doubt, please contact your nearest OKI representative. The information 
furnished by OKI is believed to be accurate and reliable. However, no 
responsibility is assumed for inaccuracies that may not have been detected 
prior to printing, and for those which occur beyond our contral. This issue 
substitutes and supersedes all publications previously supplied by OKI for 
the captioned product(s). This document may not, in whole or part, be 
copied, photocopied, reproduced, translated, or converted to any machin 
readable form, without prior written consent from OKI. 
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|) Tel : (408) 720-1900 —iFax : (408)720-1918 (| Telex: 296687 OKI SNTA 
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OKI ELectric Industry Co., Lid, OKI Semiconductor OKI Electric Europe GmbH OKI Electronics (Hong Kong) Ltd. 
Head Office Annex 650 North Mary Avenue, Niederkasseler Lohweg 8, 16th Floor, Fairmont House, 
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